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ABSTRACT

In 1978-1979, minicomputers were installed at the five
. S. Navai,ﬂobile Construction Battalion mainbody deploy-
ment sites, ‘'based upon a study that projected increased
productivity. iﬁThis thesis examines the issue of produc-
tivity in construction battalions. It develops and tests a
productivity index, and examines and tests a level of effort
indicator for changes coincident with the introduction of
the minicomputers.

The productivity index shows no significant differences
before and after tlke introduction of the minicomputers.
This is judged to be inconclusive however, because of the
assumptions necessary in development of the index. The
level of effort indicator does show a statistically signifi-
cant difference.

The lack of a ccamonly accepted productivity index for
use within the Naval Construction Force is viewed with
concern; recommendations are made for the development of an
objective index against which performance may be measured.\
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United States ©Naval Mobile <Construction Battalioms
(¥MCBs) are units of the Naval cperating forces, responsitle
for providing responsive military construction support to
naval, Maripe Corps and other fcrces in military operations.
This has generally taken the form of advance base facilitiss
in direct support of combat personnel.

In 1978-79, minicomputers were installed at each NMCB
mainbody site, both deployed and hoameport, based on an
Automated Data System Development Plan which showed a
bepnefit to cost ratio of twenty-three. Software packages
included construction project management, construction
equipment management, word processing, and personnel rcster

+ !

maintenance. R SR

-

The costs have remained <close to original estimates

through 1982, according to Mr. Berninger of the Civil

Engineering Support Office (CESO) in Port Huenene,
California, however the benefits derived from introduction
vf the minicomputers have Lteen difficult to quantify,
leading to Joubts as to the vialkility of the progranm.

" SCCPE OF THESIS

This thesis examines available data to determine what
productivity related changes, if any, have occurred as a
result of the introduction of minicomputers in the NMCBs.
The analysis is based primarily on past deployment data
contained in deployment completion reports covering a 5 year
period from 1977 through 1981, and on project data for 151
projects at three mainbody deployment sites (Camp Cummirs,
Diego Garcia; Silver City, Rota, Spain; and Camp Moscript,
Puerto Rico).

10
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B. PROBLENM STATEMENT

. The gquestion of interest ip this study is whether ¥4CBs e,
should maintain or expand their organic computer capability,

— J
[

or return to manual, coanstructicn management methods. LT jtﬂ

The addition of a minicomputer capability to the NMCB
mainbody sites was [frojected to 1increase productivity at -
each site, resulting in ap average 15 percent decrease in
construction durations {Ref. 1]. There is concern in the
Naval Construction Force (NCF) regarding the wisdom of the
original decision. This concern is influenced partly by the
difficulty in gquantifying the Ltenefits, if any, that have
resulted from the computer's irtroduction, and in partic-
ular, how those benefits relate to overall productivity.

A study by Arthur Anderson and Company, the accounting o
and consulting firm, has projected that "the comnstructioen
industry is likely to ke at the leading edge of gJrowth in
the perscnal computer industry." Reasons cited include the
"dynamic nature of the construction industry", the comput- -
ers' ability to "proviie more <coaplete and accurate control
over the progress of a job", and the contention that "it
also serves as a motivation for engineers and project .
managers schooled in computer techaniques." The study also =
projected that "new software prcducts to serve the ccnstruc-
tion industry will continue to appear in a wild profusiorn." S
[Ref. 2] 31

C. OBJECTIVE OF THE RESEARCH =

It is the intent of this research to examine existing
project and battalion deployment data and ascertain whether
any statistically significant changes which can Le related

to prcductivity occurred coincident with introduction of the

computers.
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D. HYPOTIHESES

Two productivity indices are developed, one dealing with
the dollar value of construction completed per manday of
direct labor, and another dealing with the percentage of
direct labor obtained from a relatively fixed 1labor force,
the NMCB. The hypotheses listed below are used to test if
these productivity indices have changed with the introduc-
tion of the computers.

The dollar cost of material im place per direct laber
manday is statistically different for construction
projects accomplished since the introduction of mini-
computers at the mainbody sites than for those accom-
plished before their introduction.

Figure 1.1 Hypothesis I.

The percent direct labor experienced by NMCBs since
the introduction of m;nlgomfu ers __at malnbody deploy-
ment sites 1s statisticall different thar " that
experienced prior to their irtroduction.

Pigure 1.2 Hyfpothesis II.

E. ACKNECWLEDGEBENT OF THE STUDYI'S LIMITATIONS

Given that the minicomputefs were introduced in the
battalions in 1978-79, prior to the conception of this anal-
ysis, precludes the application of controlled experimental
techniques in measuring the effects of minicomputers on




construction productivity. This imposes the «critical
restriction that analysis must rely on data then availatle,
which was not specifically designed for this study.

The lack of controlled experimental technigues is recog-
nized as having serious impact cn the validity of any find-
ings of this research. Nonetteless, it is felt that an
analysis of available data is an iaportant prerequisite to
any decision process regarding the future of minicomputers
in the NCF. Accordingly, this research examines available
data, constructing the best productivity measures obtainable
from that data, and ascertairs whether any productivity
changes are discernable, while recognizing fully tbhe limita-
tions of those findings.

F. OBGABIZATION OF THESIS

Chapter Opne identifies the basic problem area being
studied, states the objectives of the research and the
related hypotheses in general terms, and addresses the limi-
tations and organization of the study.

Chapter Two provides background informatiom on the
mission, organization, and tasking of NMCBs, and the context
within which this study is being made. It addresses the
concept of productivity, its seemingly elusive nature, and
the practical difficulties associated with its measurement,
particularly 4in the construction industry. The chapter
concludes with an examination of productivity gquestions
within the NUCBs.

Chapter Three begins with a definition of a cost per
manday term as a new productivity index, based upon data
available within the Naval Construction Force (NCF).
Factors are developed as independent variables for subseg-
uent analysis. An initial refinement of data is then
followed by a discussion and statement of the hypctheses,

13

.........

-
-




the final analysis, and findings. The chapter concludes
with a section on sensitivity aralysis.

Chapter Four 1is structured similarly to <chapter three.
Percent direct labor, a level of effort indicator, is
discussed as an established productivity aeasure in tke WNCF.
The development of data elements is then presented for 40 of
42 deployments, covering\a five year period at five derloy-
ment sites. A discussion of the hypotheses follows, with
the chapter concluding with the analysis, findings, and
sensitivity analysis.

Chapter Five, Conclusions and Recommendations, summa-
rizes the analysis and provides conclusions and recommenda-
tions for further study.

14
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The first section of this chapter describes the N¥CBs, fﬂx
including their organization, mission, <concept of opera- }GE
tions, and typical peacetime tasking. This section is C o~
intended to provide an understanding of the basic eaviroc-
ment within which prcductivity concerns are addressed.

The second section reviews the concept of productivity, ‘ﬁi
addresses the background leading to the «current level of Lo
appreciation of the izportance c¢f productivity, and reviews :
the definition of productivity and the practical difficul-

L)
PR -'_:'_‘.‘ .

ties in its measurement. General construction industry
productivity 1is discussed. This section is intended to

1 4

provide information on both the progress made in the field
of productivity analysis and the uncertainty that remairs.

The chapter concludes by addressing guestions of produc-
tivity in the private and the rublic sectors, and specifi- N
cally the NMCBs. While there are some corollaries between ;$€
civilian construction firms and NMCBs during peacetine,
there are also many dissimilarities.

a

A. U. S. BAVAL MOBIL1E CONSTRUCTIION BATTALIONS (NMCBS) -

S
.

«
.
PNy

1. Mission and Composition of the NMCBs

»
0
",

oot

¢ 4
v
.

The mission of the NMC3Bs is delineated in a Chief of
Naval Operations Instruction as follows:

The active NMCBs are established units of the Naval oo
operating forces and are conponents of the Naval o
Construction Forces (NCF). 1The mission of the NMCBs is -
to provide responsive military construction support to e
naval, Marine Corps and other forces in military opera- o
tions, to construct base facilities, and to conduct WA
defensive operations as required by the circuastances of AN
the deployment situation. In ine of emergency or L
disaster, NMCBs shall condyct disaster confrol® and -
recovery ogerat;ons, 1nglud1ng emergencg public works

operating Ifunctions, as directed. [Ref. 3]

15 | | 3
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An NMCB has a normal peacetime allowance of 21 cffi-
cers and 562 enlisted men, 464 of whom are of construction
ratings, i.e. Occupational Field 13 [Ref. 4]. A summary of
the peacetime manning allowance is provided as Figure C.1 iz
Appendix C. The battalions have a specific, detailed allow-
ance of supplies, cecnstruction material, tools, equipment
and vehicles. This 1is referred to as the Table Of
Allowance, or TOA. An indication of the intent of the
allowance is provided by the following gquote:

The organic NMCB _Table of Allowance will be capable of
sustaining for 90 days (1800 constructioa hours),
without resupgly, consStruction operations planned _or
envisioned unhder _contingency or _general war condi-
tions... The allowance may be utilized _for peacetime
emnployment of the NMCBs for training and  maintaining
readiness and may be_ augmented with additional assets
assigned fo the Commanders’in Chief, U. S. .Pacific_and
Atlantic Fleets, as necessary, to meet specific employ-
ment requirements...  Construction materials, special
tools and, special egglpnent not in the NCF inventory
but require for irect use in accoaplishing the
gro;ect, or funds for the the€ procurement thereof, _are
he responsibility of tke prcject sponsor... [Ref.

The concepts of operation for NMCBs during wartime
and during peacetime are provided as follows:

NMCBs are intended to provide responsive construction
supgort at Navy support bases_in forward areas _or in
comkat zones_  to which NavI and/or Marine_Corps forces
are committed. A NMCBs shall be capable of constructing
advanced base facilities that may be reasonmably expecte

to be required in the combat zone or at forward area
sugpo;t,bases. Normqllz, in the combat zone, NMCB-built
facllities will be limited to initial, intermediate and
tenporarz construction standards ...; capability for
permanent construction at Navy support bases, . however

will be maintained. NMCBs will not_ normally be taskea
to gerform maintenance on, shcre facilities, Peacetime
emnployment. In eacetime, . NMCBs shall undertake
construction projects which maintain their constructiorn
capabilities and” enhance their readiness to_accomplish
this mission, Special emphasis will be placed upon
Brogects which contribute directly to overall improved
avy readiness. [ Ref.

16
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2. Deployment Sites

During the [period 1977-81, the eight active NMCBs
were hcmeported at the Construction Battalion Centers (CBC)
at Gulfrort, Mississippi and Port Hueneme, California. They
deployed to Diego Garcia, British Ipndian Ccean Territories;
to Okinawa, Japan; to Guam; to Puerto Rico; and to Fota,
Spain, Each battalion additionally deployed detachments
from the mainbody to various military bases in the general
geographic area of the mainbody deployment site, as required
by +their tasking. The deployment cycle was normally 6
months in homeport, followed by 8 months deployed, witk the
battalion rotating through four of the deployment =sites on
consecutive deployments. NMCE Three was the exception.
Beginning in April, 1977 it was split into a Blue arnd a Golad
team and the teams were deployed to Okinawa on a 7 month
rotational basis. This continued through mid-1982,

3. Construction Tasking

While construction tasking varied froem deployment to
deployment, NMC3 Four's deployment to Rota, Spain inm 1980 is
an exanple of a battalion's tasking. It had 25 principal
construction projects and 10 £fill-in projects (defined as
under 100 mandays of direct labor) at the mainbody site,
representing 14,000+ mandays of labor. At the six different
detachment sites, there were 27 different principal
projects, representing over 23,000 mandays of effort.
Projects ranged in scope from a 22,500 sguare foot commis-
sary store (25,000+ mandays spread out over five deploy-
ments) to simple projects of under 100 mandays that are
completed in a month.

The most interse tasking was the construction of the
Naval Support Facility at Diego Garcia in the Indian Ocean.
That eleven year effort ircluded pier and airfield

17
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facilities, water desalizination, ship and aircraft fuel
storage, power facilities, amnd all personrel support and
related public works support facilities.

Since a price tag is not set on SeaBees construction,
it is not possible to determine exactly how the Naval
Construction Force compares with the major United States
construction cecentractors, based on volume of business.
Using typical figures for battalion size (562 enlisted),
deployment direct lakor rate (34 percent), 22 days of
construction a month (5 1/2 days a week), 9 hour days, and
the April, 1976 average wage and fringe benefit pay scale
for skilled building trades (3#11.52/hour) ([Ref. 5], the
eight battalions collectively would put in <close to a
guarter million mandays, or $26,150,750 of direct laltor
effort a year, over the 5 deployment sites. This figure is
exclusive of indirect, overhead, and material costs. 4hile
these costs will vary by type and location of the project,
it is tLe experience of the author that a conservative esti-
mate for imdirect and»overhead costs would be 30 percent and
15 percent respectively, of the direct labor and material
costs. Assuaing for comparison that $29.29 of direct
material costs are associated with each manday of direct
labor (see table &34cpm) and using figures of 30 percent
indirect costs, 15 percent overhead costs, and 10 percent
profit, the annual value of work in place would equal
$55,153,960 as shown in Figure 2.1 telow. At $50 million,
the Naval Constructicn Force wculd have rankea arcund 182
among the Engineering News Reccrd's top 400 United States
contractors in 1975 [Ref. 6: . 74]. A key manageament
concern for a force of this size is how to dimprove
productivity.
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. Direct labor udazs 562 x .34 x 22 x 12 x5 = 252,225
ﬂ Direct labor Cos 252,225 x 9 _x%$11.52 = 326,150,750
Material Costs 252,225 x $29.29 = 1,387,638
Total Direct Costs, 33,538,438
Indirect Costs Direct costs x .30 = 10,061,531
subtotal . ] 43,599,969
RS Overhead Costs Direct & Indirect x .15 = 6,539,995
S subtotal 50,139,904
i Profijt plus 10 percent 5,013,996
Total $55,153,960

Figure 2.1 Estimated Annual Work in Place by tke NCF.

B. PRODDCTIVITY

> 1. General

Productivity is a pervasive factor in life, whether

or not it is recognized as such.

One key, economic factor adversel% affectiny the United
States'is  the dramatic general ecline in"the rate of
ingcrease in productivity. This affects the U. S. _trade
balance, _the acceleration of inflation, the number of
gobs available, and the very gualzty of ilfe., The 1978

conomic Repor% of the President oOf the United_ States
cited it as 'one of_the most significant rroblems of
recent years.' [Ref. 7: p. 137]

a. Productivity, Efficiency, and Effectiveness

For any comnstruction organization, productivity
statistics can be aggregated at various levels and used
differently, depending upon the level of aggregation. The
basic level of productivity analysis is the nnit production
of specific work items per man-hour of labor input. Phile
this can generally be objectively deteranined, it is diffi-

cult to use in a [practical sense. The unit production e
concept results in a bewildering sprawl of data. Individual :ﬁ:
operations can only Le compared with similar operations in
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the same generic family. Ccmparisons are not possible
btetween dissimilar work of the same trade or operations of
differert trades.

A more advanced level would be that of the
finished product, be it a new building, a car, or any cther
product that has value in and of itself and which is related
to the inputs reguired to produce it. These two levels of
productivity amalysis can be related to efficieccy and
effectiveness. Efficiency is seen as productivity at the
unit production level, or micro-productivity. ZEfficiency is
relatively easy to deteramine and highly reliable, yet it is
of limited usefulness due to its severely restricted appli-
cability. Effectiveness on the other hand can be related to
productivity at the project level, or macro-productivity.
This attempts to measure how effectively all the input
resources were utilized in arriving at the finished groduct.
Macro-productivity is relatively difficult to determine, and
consequently it 1is often of gquestionable reliability.
Properly developed however, it could be extremely useful in
comparing different management techniques, capital/lakor
mixes, and construction technigues. This information is
summarized in figure 2.2.

The Hierarchy Model of Construction Productivity
[Bef. 7] goes further and suggests that productivity is
infiuenced at all levels of our society, from the formula-
tion of national policy on such diverse issues as, the
federal budget, the environment, and social programs (i.e.,
support for small business and bandicapped programs) to the
development of building codes, union/management relations,
and the forms of «contractual documents utilized in the
industry.

In short, while it is often easiest to focus on
the fproductivity of the individual worker, construction
efficiency or macro-productivity is most effected by deci-
sions made before comnstruction tegins.
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Figure 2.2 Productivity, Efficiency, Effectiveness.

Effectiveness not efficiency, is the major issue.
Increaced ptoauct1v1t§ is obtained by working smarter,
not necessarily_ harder. . Feople Jenerally  want to
produce and feel frroductive., They will attempt to
appear productive and "do work" evem 1f it isn't "effec-
tive work." The rroblem is to establisn a climate fctr
the most effective ogeratlon considering all elements of
the work process. [Ref. 7: p. 182]

b. The Productivity Ratio

The comacn measure cf productivity is the ratio
of physical outpat, such as products or services, to the
inputs, labor, capital and natural resources, regquired to
produce that output. The inputs listed are commonly
referred to as the factors of productioan. When all three of
the factors of oproduction are used, the resultant produc-
tivity ratio is often referred to as the total factor
productivity ratio, or more accurately a multi-factor
productivity ratio in recogaiticn that soame inputs in lator,
capital, or natural resources will not be measurable. Often
productivity data refers to «cnly one of the factors of
production, the most common being labor. Such a produc-
tivity ratio would properly be refered to as a labor produc-
tivity ratio. [Ref. 8: p. 3] [Bef. 9: p. 25]
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.; The usefulness of a particular productivity fif

- ratio lies in its comparability with similar ratios. Taker :

' alone, it provides little if any value. Productivity is

' good or tad only when compared to another period's produc-

tivity, or another unit's productivity if the productivity ;k

: ratios are derived in the same rmanner. Time series produc- ;2'

. tivity statistics are published by various sources such as

N the Department of Commerce, the Departaent of Labor's Bureau 'ff
cf Llabor Statistics, or various private productivity
research centers such as the American Productivity Center.

E The term productivity ratio, while commorly ased

ty many people, 1is often misunderstood. It is in a serse,

an abstract entity. Basically this is because the inputs ﬁ:

i ard outputs are nominal units of resources and associated ;;'

products, respectively, with measurements often made in

dollar terms out of practical necessity. The dollar meas-

ures are adjusted for inflation, <changes in gquality, and

price fluctuations due to varying market conditiomns. With a

ii 5 percent change in productivity being a typical range of

LU 4
[T
!

interest in productivity studies, it 1is easy to appreciate

the difficulties encountered in data refinement. While it :i'

-' .-
is highly doubtful +that a productivity ratio could be used e
meaningfully to determine average profit margins, a total -~

- output to total input ratio would suggest this possikility. :;5
The value of productivity statistics lies in ha
their ability to communicate trends in productive efficiency
- and the relative contributions to productivity of each of -
the factors of production. If intra-industry comparisoms L
5{ were available and valid, these figures would give a macro-
:' indication of the inherent prcductive capability of each
PT firm. Whether that relative capability is achieved is a =
resuit of a nuaber of influeaces, not the least of which are zfﬁ
general econoaic conditions. :ﬁ




2. The Development of 2roductivity Measureament

ﬂ Productivity concepts have evolved from a recogni-
.- tiorn of labor as the sole productive input to the recogri-
- tion of capital goods and land as part of the total factor

o productivity concept which is in wide use today. In 1776,
.' Adam Smith wrote

The annual produce of any nation can be increased in its
value Ly no means other  than by increasing either the
numter of its productive lakcurers ot e productive
owers of those labourers who had before been employed.

E: Ref. 10: p.
The additional recognition of man-made capital gocds and
land as inputs in the production function, in the latter
nineteenth century, rrovided the basis for our present day
concept of total factcer productivity. Some refinements have
addressed human resource accounting concepts in adjusting
the guality of labor input and envirornmental/guality of life
considerations as part of the output.

Interest in froductivity in the United States has
usually been inversely related to general economic condi-
tions. The first estimates in the United States were by the
Bureau of ZLabor of the Department of 1Interior in the

mid-1880's, resulting from ccncern about the causes and

consequences of industrial derression. The National Bureau ;ij
of Economic Research, a private, nonprofit orgarization, t:
began developing and publishing productivity studies of T
various industries and the national economy in the 1930's pce
spurred on by the Great Depression. :ES

The National Research Project of the Works Progress ra
Administration provided another intensive set of studies in ‘
the 1930°'s. Upon teraination cf this Project, productivity
measurement responsibilities were transferred to the 5{1
Divisicn of Productivity and Technological Development in :gﬁ

-
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the Bureau of Labor Statistics (BLS) in 1949. The BLS
continues to collect and publish productivity statistics,
having progressed frcam output fper Lour in selected irndus-
tries to plant level productivity studies and annual and
quarterly estimates for the entire economy, which can be
subdivided into major segments cf the economy. Valid inter-
national comparisons ¢f productivity of a limited number of
couctries began in the 1950s. [Ref. 11]

Bhile tae lLabor Department's productivity figures
have always been based on labor productivity, the Commerce
Department has published total factor productivity estirates
for the nonfinancial corporate sector on an irregular tasis
since 1972. The Department of 2Agriculture and Department of
Interior publish productivity ratios for segments of the
economy within their fields of interest.

Private sector research and statistics on produc-
tivity are provided by the National Bureau of Economic

~. Research, the Conference Board, the Business Roundtable, and
by various institutes and universities. In addition,
productivity centers have gained prominence both in the U. S
and overseas, Jenerally as ygovernment sponsored organiza-
tions responsible for three majcr functions:

1. Z2ducation: tc sponsor studies, to provide informa-
tion and to promote public understanding of the
significance of productivity increases.

2. Promotion: advocacy within the governmert of fpoli-
cies and programs to promote productivity.

3. Coordination: providing a forum in which representa-
tives of labor, wmanagement, government, and cther
groups can exchange views »n productivity. [Ref. 10:
P. 24]
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a. Measurement Difficulties

Productivity is easy to understand but difficult
to operationalize. There are difficulties in identifying
and quantifying the inputs in the denominator and the
outputs in the numerator of the productivity ratio.
Research on productivity is ©rormally constrained by the
availability of applicable data. The reievance of a partic-
ular theory on productivity change 1lies in its ability to
explain the past and project into the future. Studies on
time series changes ir productivity often must rely on data
that has been collected for cther purposes. This is a
difficult process, at best. Lator productivity studies tenl
to be more coammon as labor data is routinely collected and
retained for other purposes. [Eef. 12] [Ref. 9]

If spurious fluctuations in the productivity
ratio are to be eliminated, the denominator must include all
inputs, and only those inputs, which result in the outputs
included in the nuamerator. If additional inputs are inad-
vertently included, charges in those extraneous inputs,
while having nothing to do with the actual output bkeing
considered, would result in changes in the related produc-
tivity ratio.

Likevise, the outputs must include all and only
those outputs which result frox the inputs in the denoni-
nator. If additional outputs are included in the pumerator
which are unrelated tc the input in the denominator, aeas-
ured changes in those outputs wculd occur when there was no
change in the input, resulting in an erroneous productivity
ratio. Similarly, if some inputs are omitted, <changes in
them, which would affect output, would not be included in
the dencminator, thus distortiny the productivity ratio.
[Ref. 9: p. 24]
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PReflecticn on the significance of the cause and
effect regquirement waen determining productivity ratios
illustrates the difficulty in establishing accurate meas-
ures. Consider the following:

Activity: Trench Excavation

Qutput: Dltch point tc point B.
Input: One orer and one shovel.

(Ditch, point A to B)

Productivity ratio
¥ TIab<rer and shovelfl ™

Assuming that it tock the laborer one day (eight

hours) to dig the twenty feet of ditch, using ohe shovel,

description of a much more restricted proiuctivity ratio, or

then the productivity ratio is  20/8 =2.25 linear feet of 1
ditch per laborer manhour, w/shcvel. i&

Since the value of the productivity ratio lies oy
in its comparison with other comparable ratios, it is ;;;
reasonable to ask several questions. How much use would one - 4
have for such a ratic? Should it be more generalized? Have ' ;5;
all the factors that wouid affect the productivity of the :33
laborer been accounted for? The answers to these questions :;A
are all related. - 1

It is highly probable that the laborer's output -jﬁ
was affected by several things not addressed, such as the f}ﬂ
cross-section of the ditch, the terrain that it was located S
on, the relative ease of digging the material encountered, ~
the type of shovel, the ability and motivation of the o
laborer, the weather conditioms, and whether shoring was .ﬁ%
required. These considerations must be identified and dealt ol
with in one of two ways: 1) either become part of the 7;1

2) properly quantified as part of output or input. The
second option differs from the first in a practical sense,
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only if the various input and output factors can be comktined
in like terms. Units are an otvious problem; the practical
solution is to use dollars as a measure of both "pominal
units" of output and cf input.

Having lator priced at $10.00 an hour, deprecia-
tion on the shovel priced at $1.00 per hour, and the
finished product priced at $10C.00, the productivity ratio
thus becomes $100/ 380 + 38 or 1.13. More difficult ditches
{i.e., harder material, adverse weather) would "sell" at a
Lhigher price. But likewise, they would take longer to dig
and/or require an implement otaer than a shovel, with a
different depreciaticn rate. The productivity of different
ditck diggirg operations could e compared, given that both
inputs and outputs could be accurately priced.

Manufacturing, as ap industry, lends itself more
to productivity analysis. In gereral, it is a relatively
repetitive process wunder relatively controlled conditions,
where profit is strongly related to productivity. Stilil,
measurement difficulties persist. A4 1379 National Academy
of Sciences feport titled Measuremert and Interpretation of
Productivity noted three general types of guality changes in
the output of durable goods, yet indicated only one of the
types 1is properly dealt with in Bureau of Labor and
Statistics reports [Ref. 11: p. 100-102].

The limitations of the present methodology are apparent
when it is noted that guality change cah take one of
three forms. K First, a quality change can take the form
of a change in the guantltx ¢ costly_ resources used to
produce a_ product. This "tyre 1v gualzty change such
as the addition of a remote " control devicCe tc a {elev;-
sion set or a heavier bumper to an automouile, is
adequately treated now for pany categories of goods.
Secdnd, ,a quality change car be achieved by a téchno-
lo icaf inndovatioh that faises the gquality of a product
without any increase in current reSource  inputs, An
important éxample of this "type 2" quality change is the
develorment of new models of electronic “computers that
have iarger memories and more rapid computational_abili-
ties but"that cost roughly the same as the models theg
replace. Third, any ConSumer or producer durabkle goo

simultaneously provides services to its wusers “and
imposes costs on them in the form of operation expenses,
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particularly energy rejuirements and maintenance. These )
operation costs mnay bé_ trivial for some durable_goodis s
(furniture may need” only an c¢ccasional bit of polisi),
but for _some Goods, such"as electrical generating eguip-
ment and commércial Jjet aircraft, cumilative operating
costs over a product's 1life may be many times largerl R
than the initial capital cost. This "type 3" quality e
change refers to any design changes, in durable oods ol
that result in higher or lower operating costs,_ holding -
constant both the” guantity of services provided by thné R
good and the wages and prices of the inputs used ih its S
operation. A feduction in the price or asoline that
makes_automgbiles less expensive _to operate is not a
type 3 quality change, but the redesign of an engine-to
improve fuel eificiéncy is.

LI

The report goes on to note that the Bureau of

Labor and Statistics has well established procedures for
dealing with type 1 changes, but is generally ineffective in
adjusting the value of output fcr type 2 and 3 changes, due
presumedly to Jifficulties in cbjective measurement. One
must question the validity of froductivity statistics that
do not give credit in evaluating output to design innova-
tions that increase the operaticrnal capability of a product S
or that reduce the ownership costs of the product. ' &i
' The above examples are intended to convey an ..
idea of the extent to which ingputs and outputs can ke iden-
tified, guantified, and adjusted, in developing productivity K
statistics. i&
Some econcmists refer to the change in ouatput -

that 1is unexplained by a related change in input as a lf
"measure of our igncrance.”" Increases in ouatput do not Qf
kappen ty chance; they are caused by something. That sone-
thing must be identified to determine if in fact it is an ~
input previously overlooked. 1If so, it should be gquantified
and included, thus reducing the wunexplained change in 1:
output. It is generally felt that a more complete under- :
standing of the basic productior function will amake possible T
proper gquantification of all inputs, many of which are pres- e
ently unknown or improperly quartified. With such a search o
proceeding to narrow "the extent of our ignorance" it is
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easy to appreciate the range of factors considered by econo-
mists in the measurement of irputs and outputs, and the
resulting complexity of the process. ([Ref. 12: p.1031,1035]

The construction industry is a vital segment of the
natiornal econony. it employs over 10 percent of the work
force, contributes over 10 percent of tne GNP, and signifi-
cantly affects commitments of 30-40 percent of our naticnal
resources. "The industry is highly fragmented and diversi-
fied and is composed of over 800,000 construction contrac-
tors, ranging from a few giants ... to the majority of
contractors that employ less than 20 employees." [Ref. 7:
p. 138] [Ref. 8]

Because of its size, productivity within the
construction industry has important macro-economi¢ implica-
tions for +the country as a whcle. Its diversity however
causes significant [problems in productivity measurenment.
. Recent literature varies on the extent of decline in produc-
tivity growth in construction, but there is general agree-
ment that it has declined markedly more than productivity in
the econcmy as a whole. [Ref. 7]

It should be noted that despite the complexities
illustrated above, productivity statistics are more readily
available for manufacturing than for the <construction
industry. This is a direct reflection of the construction
industries diversity, relative to the guantities of output
produced. The Bureau of Labor Statistics data on construc-
tion productivity are considered unreliable by the BLS and
are not published. Construction Productivity Frontiers
[Ref. 13] notes that "construction is among the major irdus-
tries whose productivity we know least about.”
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4. Productivity in the Naval Morile Construction

In public sector productivity stud’'es, an inkherent diffi-
culty is that the product is not normally sold, and as such
the standard method of establishing the value of the product
is lost. This invariably leads to the use of changes in
inputs as proxies for changes in output. [Ref. 9: p. 23]

In the NCF, productivity studies are hampered by the
twvo major factors mentioned above: it involves construction
work and it is in the public sector. Measurement difficul-
ties do not negate the need for analysis however, they only
complicate it.

As with any wmilitary unit, the NMCBs peacetine
mission is intended to provide training for their mission in
time of war. While productivity is a key issue with any
organization, the peacetime deployments of NYCBs are not
justified on cost ccmpetitiveness with the private sector,
but c¢n the basis that deployment construction grojects -
provide the best combination of construction experience and
mobilization training for dollar cost to the governmext.
[Ref. 18]

Military activities receiving coastruction support

i

R4
. 1

from the NCF normally fund oanly the material costs, special {ﬁf
equipaent/tool costs and other direct costs to the NCF that )

are associated with the project. Fixed costs associated
with the battalion, its TOA, and its deployment are not
passed on to the activity. This includes personnel and
travel costs. With this funding arrangement, NCF accom-
plishment of a project should always be cheaper for the S
activity than private sector accomplishment, where all —
direct, indirect and overhead ccsts must be recouped.

"l

The true cost of NCF accomplishmeant does include all

direct, indirect and overhead ccsts, but the output is more o5
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than the ccmpletion of assigned construction projects. It

includes the forward deployment of a Naval Mobile
Construction Battalion, at all times, in each of five over- )
seas locatiomns. Two of those Lattalions, the Pacific and jﬁ-
the Atlantic Alert Battalions, are ready and fully eguipped
to redeploy in support of contingency operations within six N
days of initial notification, with the construction equip-
ment, tools, material and 'supplies necessary to provide
construction support in a comltat environment for 90 days _
without resupply (fuel, subsistence rations, and ammunition l;}
are based on a 15 day requirernment). Additionally, -each
tattalion is required to maintain the capability to rede- ;}q
ploy, on 48 hours notice, an air detachment of 50 selected '
personnel with tools, egquipment, and construction suprlies
for 30 days of self-sustained ccnstruction effort. [Ref. 3] 4
As such, it is inapprorriate to attampt to justify
the use of the NCF for overseas construction projects Fkased
on a comparison with private sector bids for similar work.

|

Productivity comparisons between the NCF and the private

’
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sector would tend to ignore the differing missions of the
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two groups.

Nonetheless, construction productivity is an essen-
tial element of NMCB readiness. Since tasking can be

vy
BT

expected to exceed available comstruction resources, partic-

ularly during wartime, construction productivity is always
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important. As in the construction industry, productivity
issues in the NCF will be better addressed at the macro
level, where decisions are made that have real impact on the :ﬁh
amount of resources required to provide the necessary Eﬁf
product. While efficiency on individual work tasks is
important, the effectiveness with which the final product is -
provided is what ultimately cournts. ﬁﬁ
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III. CONSTRUCTION ERODUCTIVITY, ANALYSIS AND PINDINGS

ic The first section of this chapter discusses the
Qf rationale for using cost per manday (CPM) as a productivity
hl measure, and presents the hypothesis to be tested. The data

elements used in the'analysis are developed, followed by an
initial data refinenment. The final analysis and findings
are then presented, followed by a sensitivity analysis.

» A. CPH AS A PRODUCTIVITY MEASUERE

The intent of the analysis is the determination of the

effect of NMCB minicomputer surport on deprloymeant ccrstruc-
tion frroductivity. An examination of existing reporting
procedures failed to disclose an accepted productivity index
in the NCF, in the traditional cutput over input form.

Since a limiting constraint in NMCB construction is that
of direct labor construction personnel, a labor productivity
measure is desired. The initial benefit analysis justifying
the introduction of minicomputers in the NCF stated that omne
of the primary benefits of the computer would lie in the
increase in efficiency made possible by better, more respon-
sive schedulirng. The analysis estimated that shorter
construction times would result from an increase in produc-
tivity of the direct labor perscnnel. [Ref. 1: p. 12] This
productivity change should therefore be revealed by an anal-
ysis of output per manday of direct labor.

Development of a productivity index for the NMCBs is
hampered by the availability of data and the fact that it
involves public sectcr construction. Typical to the public
sector, the output does not have a sale price fixing its

value on the open market, and the diversity associated with

.........................




the construction industry preclides assigning a price tased
on similar projects.

Given the above limitations, the "productivity ratio”
developed is that of the material cost of the job (input as
a proxy for output) over the mardays of direct labor charged
to the job. This labor productivity ratio is termed "Cost
per Manday" or CPA. The resulting hypothesis is restated
from Figure 1.1 in Chapter I.

Hygothesis I: the dJollar cost of material in place
[ per direct labor manday is statistically different for
3 construction projects accomplished since the introduc-
tion of minicomputers at the mainbody sites, than for

b .
Fi those accomplished before their introduction.

B. DATA ELEMESNTS USED IN ANALYSIS

1. OQOverview

Using data on projects at Diego Garcia, Rota, and
Puerto Rico, measures of the ccst per manday were developed
as indicators of construction productivity. Time
constraints precluded traveling to the 30th NCE in Guaa to
obtain and/or validate the necessary project data for Guanm
and Okinawa to allow inclusion of cost per manday analysis
for projects at these locals. Accordingly, only projects at
Puerto Rico, Diego Garcia, and FKota, Spain were used.

The data used in the CEM portion of the analysis is
project-related instead of deplcyment-related. A total of

six data elements were obtained for each project. Three
data elements (cost, mandays, and project start date), were
used to derive the degendent variable CPM for each fproject.




The CPM figures were analyzed using three nonmetric,
categorical data elements or factors (Location, ADP, and
Project Type) as the independent variatbles.

Eack case was assigned a categorical confidence
factor of from one to four indicating the degree of ccnfi-
dence in the data. This allowed inclusion of all projects
in the data list, with subsequent decisions made on what to
include in different analysis.

Figure 3.1 summarizes the data elements used, the
coding for the nonmetric varialkles and the sources for the
data. It is followed by a more detailed descripticmn c¢f the
data elements and the rationale for their use.

The primary sources o¢f data are the Defployment
Completion keports (DCR), turnover letters (TOL) to the
ROICC upon completion, Bills of Materials (BM), and Estimate
at project Completicn (EAC) reports 1listing material or
special tool/equipment costs charged to the projects.

Table 6 in Appendix A provides a complete listing of
the data and the refinement factors (index, deflater, ard
adjusted cost) used in the analysis.

2. CPM, the Dependent Variable
a. Input Measure, Direct Labor Mandays

Direct labor mandays for each project form the
denominator of the productivity ratio. Mandays were not
converted to a dollar value because data is not retained on
the pandays by pay grade of the direct labor persornel.
While a statistical average is used for costing the job on
plant account records, use of it here would give a false
sense of refinement, as it does not take into account the
mix of wage rates applied to the project. Use of mandays in
the denominator pfecludes a unitless index, however the
resultant ratio would be directly related to one where the
input was costed at a fixed, average rate per manday.
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Data Elements Utilized in Analysis of CPHM.

two possible sources
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(1) the deployment completion
the turnover




letters from the battalion completing the project to the
Resident Officer in Charge of <Construction (ROICC), who is
the project administrator that accepts the finished groject
from the battalion. Differences could occur where addi-
tional work was regquired on the project after issuance of
the turnover letter. Where differences did occur, they were
generally small and the higaer randay value was taken or the
assumption that subsegquent work had been performed which was
omitted from the other source.

E. Output Measure

(1) General. Output in the government sector
is difficult to gquantify in dollars because of the lack of
competition in "selling" the prcduct. withinr the NCF, an
acquisition cost is associated with each completed project,
based on direct costs charged to the project furnds
(naterials, special tools, equipment and tocl rental
charges, and any purchased services) plus statistical costs
for military direct labor charged to the project, at a set
rate fper hour. All indirect and overhead labor costs are
excluded, because NCF accountirg procedures do not allocate
them to the various jobs. In crder to allocate these costs
to the projects an allocation scheme would in all prob-
ability have to be based on direct labor hours. Thus it
would tend to mask differences in job types and in the
effect minicomputers have had «cn productivity. The effect
of minicomputers on indirect/overhead labor costs is exam-
ined in the secord productivity index, that of percent
direct labor obtained on the defrloyaent.

. The direct and indirect costs associated
with transportation, living/personnel costs, and the utili-
zation of NCF construction eguipment and tools are also
excluded from the cost of construction in place. The exclu-

-sion of the latter two indirect costs nhas a more serioas

o ———




effect on the validity of the analysis, because of the

traditional inverse relationship between capital a&and lator
z as the factcrs of production. These costs must ke excluded
however, because of the lack of appropriate Jdata. Equipment
costs and usage are not charged to specific jobs in the NCF,
if the equipment is part of the Table of Allowance. The
. equipmernt and tools are resources that are used to the
extent they are available. Special equipment and tools that
are not part of the Table <¢f Allowance, but must be
purchased or rented specifically for a particular job, are

1

listed on the Bill cf Materials and charged to the jor the
same as material. Purchased tocls/equipment are turned over
to the activity upon completicr of the job. For the most
» part, tke TOA covers the majority of tool/equipment regjuire-
» ments. For an overseas construction project, the excluded
indirect and overhead costs could equal or exceed the direct
material and labor costs. There is no established procedure
for allocating these costs or actual direct 1lalor costs to
i the projects. If such a procedure were available, it would
] provide an acquisition cost comrarakble to that obtained with
iﬂj construction through the private sector. Surrogate measures
- of output must be used, however, based upon available data.
-i The only data that approximates and woull

ZQ vary with the value of the finished output are the data orn

- project material costs and direct 1labor. Since the iptent E}ﬂ

iy is to identify changes in direct labor efficiency, inclusion ’ﬁf

': of labor cost in the output measure would tend to minimize
any change. Accordingly, the cost of material and special i}*
tools/equipment charged to the Jjob, as a surrogate for the N

- value of finished material in place, is chosen as the output

o measure. -

Y Ce i

(2) Material Costs. The output factor for the

equatior is the cost c¢f material and special tools/equipment

aa e

- charged to the project. Actual cost information was sought

. .
P A
PR N N
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for each project. Analysis of the project Bill of Materials
would provide this information, however complete BM files
are not maintained on all projects after physical and finan-
cial completion, except for projects at Diego Garcia.
(Physical completion is completion of all required work on a
proiect. Financial completion entails the expensing of all
obligaticns charged tc project funds, with a resultant final
cost. This final cost is referred to as the final "Estimate
at Completion" (EAC), informatiom of which is contained in
the FEAC report.)

For Fkota and Puerto Rico projects, arp
alternate measure of materjial ccsts was reguired. The only
information consistently available was the EAC regort,
showing total costs charged to groject funds. Project funds
are used for the purchase of all materials, and special
tools, for eguipment and tool rental, and for any cther
purchased services required in support of the project.
Normally, only a small percentage of the project furnds are
expended for other than materials, although the percertage
for some projects could be =significant. It would be
possible to segregate material costs by examination of the
BMs, but their nonavailability makes reliance orn the EAC
reports a necessity. While the resultant productivity
figures would be increased by the extent of other than
material purchases included in the EAC, that distortiorn
would be minimized in the analysis to the extent that its
relative percent of the total FAC figure was constant from
project to project. Grouping cf projects accomplished with
and without the comfputer assisted construction management
further minimizes the effect. Materials and special tcols/
equipment charged to the project will be referred to as
raterials hereinafter.

Material costs were provided by Commander,
31st Naval Constructicn Regiment (COM31stNCR), Port Huenenme,
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California for Diegec Garcia prcjects, grouped into struc-
tural, mechanical, ard electrical «costs. The costs were
taken from the file c¢f BMs mairtained for the Diego Garcia
Frojects.

Twenty four EAC reports were available for
examination at the headguarters of the Commander,
Construction Battalicns, Atlantic (COMCBLANT), Norfolk,
Virgipia, for ©Puertc Rico and Rota, Spain projects. A
consolidateé report was issued € times a year, Dbeginning in
May 1978; it included both Rota and Puerto Rico. Separate
reports for Puerto Rico only were available back to
Novemkter, 13976. In accordance with COMCBLANTINST 10370.1,
project EAC figures are reported until all orders are
expensed (i.e., the government pays the vendor based on a
certified invoice received frecm the vendor) and then the
project line item is dropped frcm the report. The last time
the project is reported, the total EAC figure shown .epre-
sents the final expensed costs. While the use of expensed
costs has the advantage of not relying on the accuracy cf
the government's initial estimate for costs, its disadvan-
tage lies in the time required to obtain expensed cost
information. Time lags ranged over a year 1in some cases,
between physical completion and financial completion.

In summary, project cost information is
based on latest EAC reported ccsts, through July 1982 for
Puerto Rico and Rota projects, and on Bill of Material
totals for Diego Garcia projects. Cost figures were then
adjusted to constant 1975 dollars to factor out the effects
of inflation on CPM values. Figure 3.2 applies..

Engineering News Record material costs
indexes were used to convert all costs to a base year of
1975, wusing the official Janvary indices for a 20 city,
nationwide average for the pericd 1975 through 1982 [Ref. 15
through 22].
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Figure 3.2 Derivation of CPM Values.

Because of "Buy American" frfequirements, material for NCF
projects is procured by the Regiments in homeport, which are
Port Huenene, Califcrnia for Facific deployment sites and
Diego Garcia, and Gulfport, Mississippi for Atlantic deploy-
ment sites. Departazent of Defense regulations require the
saximum use of the Federal stock system. Accordingly ornly a
small percentage of the material is procured directly from
commercial sources., Due to the dispersion of procurement
for the federal stock systen, use of a nationwide material
cost index is warranted. The cost trend is shown by figure
3.3.

Project start dates were taken as the
material procurement dates, duve to the lack of available
data on when the material was actually procured. The effect
of this is mitigated by the fact that the majority of the
material is procured through the Federal stock system where
prices are more stabilized.

A simple regression was rua to develop
monthly cost indices. The regression equatior, based on ENR
20 City Nationwide Cost Indices is:

Index = -7549 + (112 x year)
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Figure 3.3 Official ENR Japuary Material Cost Index. o
where year is of the form xx.x (i.e., July 1980 is 80.95). %:
The coefficient of determinaticrp (r squared) is C.98. The -
base index for January 1975 (831.8) is divided by the index o
calculated akove to [rovide a deflater whick, when multi-
plied by the outyear cost, yields the adjusted cost 4in
January 1975.
3. Independent Jariables
a. ADP
Dates of introducticn of the minicomputers were _—
determined from Deplcyment Completion Reports anpéd verified =

through discussions with knowledgeable personnel at the
Naval Civil Engineering Support Office (CES0), Port Huerene,
Califcrnia. They are listed in Table 1.
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TABLE 1

Introduction of Mini-Computers, by Site

Deployment Site Initial NMCB with ADP Deployme

Diego Garcia NMCB 4
Okihawa

Guanm )

Puerto Rico 4
Rota, Sgain 6

NO&EW

The DCRs were reviewed

t start

July
Juneé
September

Ma
Jul%

b d b bt
[ o{Ve]Vo e lVo)
s B
[TeVolVolVelo )

to determine the fpercent

conplete on the various projects when the computer was
introduced at the deployment site. Based on the percent
complete, an ADP indicator value of between 1 and 5 was
assignedqd, categorizing the exteat of the project accon-
plished while computer assisted construction management was
< availakle. (See Pigure 3.1.)

E. Location

Figure 3.1 shows the indicator values assigned -

to the locations used in the analysis. s
c. Project Type

The choice of categories to group the projects

was a subjective one, based upon a review of the wide

variety of projects included in the study. The ideal situ-

ation would be to have a 1large number of identical projects

at each site, with an equal number performed before angd .

after introduction of the miniccmputers. This is the crux :
of the problem regarding the study of construction prcduc-

tivity; seldom are any two projects exactly alike. Lacking _

- identical projects, the projects were grouped based ufpon -

' descriptive information and project photographs available in
the LCCRs into the types listed in figure 3.1.
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d. Confidence

In the ccurse of accumulating the datsa, it
became apparent that not all data enjoyed the same confi-
dence level. Examples include the subjective area of deter-
minaticn of project type, and relatively objective areas
with multiple data sources and conflicting data, such as
project costs or mandays. Rather than initially exclude
such projects, they were included with a category factor
assigned indicating the area (s) where the data was question-
able, as shown in Figure 3. 1.

4. 1Initial Data Fefinement

Appendix A is a listing of the data values used in
the analysis for the 151 projects for which data was avail-
able. Included are derived figures for the cost index
(INDEX) , deflater, adjusted cost (ADJS), and cost per manday
(CpM) . Tables 7 through 9 in Appendix 3 show the distribu-
tion of project data compiled by location, and table 2 Lelow
is a summary for all locations Lty type and confidence level.

Table 3 arrays project types by confidence rating.
Data for which the start or ccmpletion dates were suspect
{CONF 1), the type was suspect (CONF 3 and/or 2), or the
mandays or cost were suspect (CCNF 4) were excluded frou the
aralysis. There are only five projects with CONF = 1 or 2,
four of which are projects of the type 6 or 9 which are
€xcluded for reasons noted belcw. There were no projects
with conf = 3, and conf = 4 was necessarily excluded because
the primary data being analyzed was suspect for one reason
or another.

In the analysis that follows, project types 1, 2, 3,
5, and B8 were utilized. Types 4, 6, and 7 were necessarily
excluded because all grojects were with ADP = S. Type 9 was
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TABLE 2
Summary Cross-tabulation of 151 CPM Projects
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Table 2

Summary Cross-talulation of 151 CPM Projects (cont‘'d.)
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TABLE 3
Cross-tabulation of 151 CPM Projects, by Type and Confidence
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Ei excluded because of the high standard deviation, however

o ' that was expected due to the prcject grouping of "other".

' Projects with partial but not complete overlap with
ADP (ADP 2,3,4) were initially included in the data list to
provide a more complete accounting for the projects in the

_ period covered by the analysis. They are excluded from the

i analysis however because of the unwarranted loss of degrees
of freedcm for the small increase in the number of grojects
covered. Of the 89 projects remaining after the above

‘ refinements, there were two projects with an ADP value of 2,

Ei three with a value of 3, and nore with a value of 4.

This left 84 projects, which are summarized by TYPE
and ADP in Table 4 below.

TABLE 4
Summary Cross-~tabulation of 84 Projects

2 ) RO

COUNT I ADP
ROW PCT I NO 100%
COL PCT I ADP ADP ROW
TOT PCT I 1 I 5 I TOTAL
e TYPE  —~———=-=ZZ-Jemo—aeToem—=Z--T
- 1 I 10 I 21 1 31
o~ STANDARD 32.3 I 39.6 I 36.9
N BOILDING I 32.3 I 67.7 I
-’-- I 11.9 I - I
e ~I--——c-- I--—---=-- I
E] 2 9 I 11 I 20
. BUILDING WITH 29.0 I 20.8 1I 23.8
R MINIMUM FINISH I 45.0 I 55.90 I
. I 1.7 I 13.1 1
. N, b J-—=iieme 1
- 3 I 5 I 8 I 13
A BUILDING WITH I 16.1 I 15. 1 I 15.5
MORE THAN NORMAL I 38.5 I 61.5 I
FINISE/UTILITIES % 6.0 % 9.5 %
5 1 4 I 9 T 13
PAVING T 12.9 I 17.9 T 15.5
I 3008 T 69.2 1
I "4.8 I 10.7 I
T, SRR, JEP e
8 I 3 I 4 I 7
MECHANICAL I 9.7 I 7.5 T 8.2
DISTRIBUTION I 42.9 I 57.1 I
SYSTEH I 3.9 T "4.8 I
S O R SR
COLUMN 31 53
TOTAL 36.9 63.1

!
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These cases, which are used in the final analysis, are
: annotatad in Table 6 in Appendix A. Tables 10 through 12 in
I Appendix B provide a cross-tabulation of project TYPE by ADP
for each lLocation. Table 13 in Appendix 3 is a kreakdown of
CPM by TYPE, ADP, and LOC for the 84 projects used in the
final amnalysis.

C. CPH ANALYSIS AND FINDINGS

For the analysis that follcws in both this chapter and

chapter 1Iv, an interactive software program, Statistical

A

Package for the Social Sciences (SPSS) was used for analysis
of variance (ANOVA) and multiple classification analysis
({CA) calculations. Multiple ccntrast of means calculations
were made utilizing a computer software system for Jata
analysis by the Statistical Analysis System (SAS) Institute,
Inc. Both were used on an IBM 3033 mainframe computer.

The standard analysis of variance is a statistical test
to determine the proltability of error if the difference in

L) B

means between the twc groups being analyzed are assumed to
be equal. The hypothesis that the difference is zero is
commonly referred to as the null hypothesis. The ANOVA
H determines the F statistic, and the significance of the F
statistic, as a test of the null hypothesis. The sigrifi-
cance level of the test is comsmonly taken to be 5 percent,
which relates to a 95 percent ccafidence level. The signif-

icance level, or significance of F, is also <called the
C Prob-value or p-value. It shcws the extent to which the R
data supports the null hypothesis. P-values of 0.05 (5 =
percent) are equivalent to a confidence level of 95 percent :"
that the null hypothesis is correct. Alternatively stated, ]
i there is a 5 percent chance that the null hypothesis is ffj
incorrect, given the data being examined. )
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The hypotheses being tested in this thesis, Hypothesis I
and II in fiqures 1.1 and 1.2 of Chapter I, are the alterna-
tive hypotheses to tle null hypctheses that the means of the
indicators being examined are egual before and after intro-
duction of the nminicomputers. Acceptance of the rpull
hypothesis requires the rejection of the alternative
hypothesis. Alternatively, rejection of the null hypothesis
requires acceptaace of the alternative kypothesis.
[Ref. 23]

1. Analysis

Using the 84 cases refired above, an initial break-
down of CPM values, by type, presence of ADP, aad location,
reveals no obvious pattern in changes in CP# values, lased
on the rpresence of ADP. See Table 12 in the Appendix.
There are however, apparent Cdifferences between tyres of
projects, with paving projects having twice the mean CPM as
do the other four tyres.

A threeway Analysis of Variance (ANOVA) of the
dependent variable CPM using the factors ADP, LOC, and TYPE
shows that the independent variable TYPE had a statistically
significant influence on CPM, while LOC and ADP did not.
Higher order interactions were suppressed due to empty
cells. See Figure 3.4 below. Examination of the rmultigrle
classification analysis shows a marked difference in the
deviations from the grand mean between paving and the cther
types cf comnstruction.

A multiple contrast of means was then developed to
determine which pairs are statistically different at the 95
percent confidence level. Paving (Type 5) is statistically
different from three of the tyfes of vertical construction,
Lhowever, those three types of vertical comnstructiocn are not
statistically different from each other, as shown in Table
5.
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TABLE 5
Comparison of CPM Means, by Type

CCEPARISONS SIGNIFICANT AT THE 0.05 LEVEL
ARE INDICATEL BY "**x!

SIMULTIANEOUS SIMULTANEOQOUS
LOWER DIFEEZRENCE UPPER
TYPE CONFILENCE BETWEEN CONFIDENCE
COMPARISON LINMIT PEANS LINIT
5 - 8 -4.037 33.255 70.548
5 -3 2.207 33.408 64.610 * Xk
5 - 2 10.2537 3E.597 66.937 k%
5 -1 15.352 41.637 67.522 *k%
8 -3 -37.140 €. 153 37.445
8 - 2 -29.593 £.341 49.275
8 -1 -24.907 £.381 41.679
3 - 2 -23.152 £.188 33.529
3 -1 -18.056 £.228 34.513
P -1 -19.775 3.040 25.855

Accordingly, project types were grouged into horizontal
construction (TYPE 5 or paving) and vertical construction
(TY?E 1,2,3,8) for further analysis. This 1s consistent
with the average CPFM values for the various types of
projects, noted in Table 13 c¢f Appendix B. Grouping of
projects 1into horizontal and vertical construction is
logical based on the trades invclved and complexity cf work.
The division of projects corresponds to the construction
specialties of Buildings and Highways used Ly the
Engineering News Record in annually categorizing the work of
the top 400 construction contractors in the United States.

The factor LOC was reviewed further in an atteapt to
reduce the categories within the factor and hence the eapty
cells in the ANOVA matrix. Location categories were
reduced from three tc two with Diego Garcia 1listed sepa-
rately because of the high operational priority assigned to
jobs at that site, reflecting its strategic importance, and
the other two sites, Puerto Fico and Rota, comktined as
othervwise normal deployment sites.
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A threeway ANOVA, shown in fiqure 3.5 was run on the
recoded data. While TYPE was again the only factor that had
a statistically discernable effect on CP¥, two way interac-
tions were also significant; specifically the interaction
ketween TYPE and ADP. ADP failed to show a statistically
significant effect on CPM.

2. Fripdings

Hypothesis I, restated below, was tested by deter-
mining the significance of the F statistic for the factor
ADP in an ANOVA testing the ©pull hypothesis that the mean
values of CPHd are equal for the different values of AD?.

In this analysis, after accounting for the influ-
ences of project type and location, the significance of F is
0.88, indicating a 88 percent probability of error if the
null hyrothesis is rejected. Accordingly, the null
hypothesis cannot be rejected and the mean CPM values for
the frrojects accomplished with and without minicomputer
support are assumed tc be equal. This in turn requires the
rejection ci Hypothesis I.

Hypothesis I: the dollar cost of material in place
per direct labor manday is statistically different for
constraction projects accomplished since the introduc-
ticn cf minicomputers at the mainbody sites, than for
those accomplished before their introduction.
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ANOVA USING RECODED FACTORS 10C, TYPE, ADP.

Pigure 3.5




D. CPH SENSITIVITY ANALYSIS

Apalysis of any type presupposes a certain degree of
accuracy in the data analyzed. The degree of accuracy
readily obtained, and the degree of accuracy required are
both difficult to determine a priori. Sensitivity analysis
is an accepted technique for dealing with the accuracy gques-
tion and its effect cn the outcome of the analysis. The
basic procedure 1is to determine the degree to vwhich data
critical to the amnalysis can vary before changing the
outcome of the analysis. [Ref. 24].

Four variables were included in the final apnalysis of
Hypothesis 1I. The sensitivity analysis that follows will
focus on the development of the C2¥ values. TYPE, LCC, and
ADP were excluded from the sensitivity analysis because the
initial data refinement excluded projects where there was
any gquestion as to the validity of the values of these data
elements, as indicated by the CONF factor assigned. The
basic gquestion which will be addressed is the accuracy
required in deflating project cost figures to constant
dollars. The Engineering News Record January Haterial Ccst
Index, 20 City Naticpnal Average was used, with a necessary
simplifying assumption that all costs were incurred on the
start Gate of the prcjects. Treatment of cost inflation is
a critical issue because of the 88 percent increase in the
material cost index over the <seven year period covered by
the analysis (an average annual rate of 9.5 percent), and
the fact that the @pinicomputers were introduced in the
middle of that inflationary period.

Various average rates of irflation were used to deter-
mine at what point it would reduce the prob. value for ADP
to 0.05 in the analysis of variance. That average amnual
rate was determined to be 2 percent, as compared to the
average annual rate of 9.5 percent determined from the ENR
index.
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Some variation between the actual average inflation rate
and that provided by the ENR 20 city national average is
expected due to the Jdifference in procurement frractices
between the federal government and that used to develop the
index. It is reasonable to assume though that suchk an
extreme downward bias is not prchable.
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IV. LEVEL OF EFFORT AS A ERQDUCTIVIIY INDICATOR

Loola

A. INTRODUCTION

\A."".' 2,
Ll
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The preceding chapter evaluated the more traditional
labor productivity indicator, that of the cost of construc-
tion in place per direct labor manday. The second area of
analysis is that of percent direct labor, which is a level

e
laaa

of effort index more than a prcductivity index. It is an -
index that is used and commobnly accepted within the NCF.
The hypothesis to be tested is stated below, followed Ly a
section discussing the use of percent direct labor as a
performance measure and a review of the available Jata. v
Sections on the analysis, findirgs, and sensitivity analysis
conclude the chapter. T

Hypothesis II: the percent direct labor experienced Ly .- -
NMCBs since the introduction of minicomputers at main-
body deployment sites is statistically different than
that experienced prior to thkeir introduction.

B. PERCENT DIRECT LABOR AS A PERFOKMANCE MEASURE

Direct 1labor hours expended on a deployment and the w
resultant percent direct labor rate are aspects of battalion
performance that receive high visibility both within the
tattalion and from its operational senior, the regiment.
This is partially because construction project tasking is
based to a large extent on the projected available manhours .
of direct labor. Available mankours of direct labor are a f??
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function of the expected direct labor rate (normally 20-25
percent for the main body of the battalion), the projected
average on-board count of personnel, and the rumber of work-
days in the deployzent.

Mconthly deployment status reports provide estimated
percent complete information on all projects. The reports
are based on labor requirements for the project and are
normally taken as the mandays of labor expended over the
required mandays estimated for the project. Assuming that
projects are completed in the estimated mandays, a graph of
actual ard projected cumulative mandays versus months of
deployment, such as that shown in Figure 4.1, would provide
an accurate measure of tasking accomplishment. In fact, a
second vertical scale could be percent tasking completed,
if the tasking was not changed during deployment, i.e., no
projects added/deleted (an unlikely occurance), and manday
requirements for original projects remain constant (a highly
uniikely occurance).

If manning remained constant and cuaulative mandays fell
relow the straight line, overall performance would, in lieu
of extenuating circumstances such as adverse weather,
material or equipment delays, military operations, or a
change in priorities/tasking, e judged below par. If the
cumulative manday figure was above the straight 1line,
performance would be above par. Unfortunately, there is no
clear distinction made between mandays required for a
project and the total mandays expended on it. The two have
generally been taken to be the same. It is wvorth noting
that the Commander, Naval HMobile Construction Battalions,
Atlantic Fleet instruction on timekeeping procedures did not
have a ccst account for rework [Ref. 25]. Similar timek-
eeping procedures were in effect in the Pacific.
Accordingly, any rewcrk required on a project due to unsa-
tisfactory material or workmanship, or any other cause, gets
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incorporated into total project manday ani maaterial cost
‘ figures, with no data availaltle for distinguishirj those
ﬁj costs. The difference considered in terms of total cost
would be a valid measure of lakcr productivity.

A measure that allows for the variance in manaing is the
percentage direct labor figure. Assuming that projects vwere

being completed within the direct 1labor manday budget
allotted, the direct labor percentage measures the level of
effort expended towards completion of tasking. See figure
4.2. 1If the percentage direct labor equals that used in the
original taskiny and average manning had been properly fore-
casted when the tasking was assigned, averaging that percent
direct lator rate thrcughout the deployment would result in
the 100 percent completion of the tasking. Specificaily,
the percent attainment of the planaed cumulative percent
direct 1labor rate would equal the perceat of tasking
completed. It 1is easy to understand why percent direct
labor figures are closely monitcred. They provide a single
figure tc monitor, which should vary little between battal-
ions or deployments. Unlike tasked manday figures, it is
relatively independent of specific manning levels, as long
as that level remains unchanged. It does not reguire
involved evaluation of progress on each job. If 24 percent
direct labor is the goal and that is achieved, it is not
unreasonable to expect that the tasking will aave tasically
been completed. It mzust be recognized however, that some
projects would have progressed further than planned; others
correspondingly 1less.

The principle drawbacks on the use of percent direct
labor are that (1) it is a measure of level of effort, not
of accomplishment, (2) it de-emphasizes productivity by
assuming it is both constant and correctly projected when
original manday estimates were developed, and (3) there is
no effective check inherent in its use which works to insure
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Actual Cunulative Percent Direct Labor Percent Tasking

e e _— = Conmpleted
i ¥lanned Percgent Direct IabhoT
i Example: . . .
. 18% Direct labor Attaired .
s - ——— _ _ _— = 75% of Tasking
‘i 28% Difect labor PIanied Completed
b

Pigure 4.2 Percent Direct labor/Tasking Completion.

proper labor classification. In fact, the attenticn civen
to percent direct lator figures would tend to insure that
they are reported as high as possible. The perforrance

measures used affect the reward systea, which is intended to
affect performance. The result whick normally occurs is
that the performance measure hecomes performance per se, and
efforts tend to be directed towards achieving good periorm-
ance measures instead of good rerformance. {[Ref. 26] Simply
stated, the desired performance is completion of tasking,
not attainment of high percent direct labor fijures. The
project supervisor is responsille for project accomplish-
ment, rut because of difficulties inherent in adjusting the
required manday estimate on a project, it is often difficuylt

to accurately gGauye percentage coaplete. Mipniamally it
requires an updating of the Critical Path Method (CEH)
project management systenm. Time cards, hovwever, are

submitted weekly and provide imumediate feedback on the level
of effort (percent direct labor) being exrended. As such,
the system encourages that time be charged to direct labor,
and nct to indirect or overhead functions, in order to
report good performance measures.

.Despite its inherent limitatiomns, percent direct labor
is an established and accepted indicator of bLattalion
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performance, with its limitatiors recognized within the NCF.
: Deployment data was analyzed accordingly in an effort teo
] detect changes in percentage direct labor associated witkh
the introduction of computer assisted construction

management.
l C. DATA ELEMENTS USEL IN THE ANALYSIS
1. Overview

The primary sources of data for this portion of the

:i analysis were the deployment completion reports (ICRs)
. conpleted by each battalion following the end of the derloy-
1 ment. The five year period 1577-1981 at the five mainbcdy
- deployment sites refresented a total of 42 deployvments by

if the 8 NMCBs. Forty of the DCRs were available for analysis.

The requirements for the preparation and sulbmission
‘ of Deployment Completicn Reports are delineated in a joint
i; COMCBEAC/LANT instruction [Ref. 27]. It states in part "The
ii Deployment Completion Report constitutes the primary single

- source of Aaistorical informaticn with regard to battalion
accomplishments and lessons learned on deployment." The

instruction includes a standard format, topic areas and

formated tables for statistical information on various
aspects of the deployment, loth personnel and project
e related. Despite the standardized guidance on preparation
:ﬁ of the DCRs, one or more items cf key information scught for
® this aralysis could nct be found in 70 percent of the forty
;7 DCRs reviewved.

5i Each deployment comprises one case. The ten vari-
: ables compiled for the analysis are listed below, followed
by an explanation of their derivation. The data values for
the forty-two cases are listed in Appendix C. The variakle
BINCOTE identifies each case as to battalion, deployment

site, and consecutive deployment at the site since the start
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of the study. Tables 14 and 15 in Appendix C provides a f;i
breakdcwn of the factors assigned. S
I Y |
N Dependent Variable L
e MBACTDL PMainbody actual percent direct labor. e |
: N
' Independent Variables R
e MBEH Average mainbody enlisted personnel.
e CONDUCT 2 factor that incorporates both awards
E given and disciplinary action taken Juring
’ deployment.
e COTIBTN Ccmmanding Cfficer time in battalion.
i e MORINT Fercent Interium Repairs on the battal-
g ion's allowvance of vekicles and heavy construc-
j tion egquigpment.
e WTAVETOF Weighted average turnover factor of
.i personnel.

e COMPOTER Computer availability: 0 for defloy-

: ments at sites prior to introduction of the mini-
i computer, and 1 for subseguent deployments.

e LOC Location of the deployment site:

1 Puerto FEkico 4
. 2 Rota, Spain jﬁﬂ
! 3 Okinawa, Japan .
e 4 Guan ;;:
o 5 Diego Garcia. 0
i: e DLPERS Average mainbody fersonnel assigned to ?TJ
. direct labor. )
-~ ~
e %LOSTDAY LlLost workdays as 4 percent of total e
S .-.'.1
o workdays. : =
!,. .
75
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2. Dependent Yariable, MBACTDL

As addressed above, percent direct labor has been
chosen as the dependent variable, in an attempt to determine
if a statistical relationship can be identified between it
and ADP. Fhile percent direct labor data is availaple for
the whole battalion, as well as the just the mainbody, the
analysis is restricted to the @gainbody because the majority
of other data is available for the mainbody.

3. Independent Yariables
a. MBEM

The total average onboard count of enlisted
personnel at the mainbody site. This figure is available
directly froa the DCR.

b. Conduct

The DCR requires information or both the numker
of awards (medais, ietters of commendation Lty higher
authority (SLOC), and command letters of commendation
(CLOC)) and the number of disciplinary cases (court martials
(), and nonjudicial punishment (NJP)). These five data
elements were combined as shown in figure 4.3.

5 X Medal + 3 X SLOC + CLOC
3 X"CRT¥°HJP -

CONDUCT =

Pigure 4.3 Conduct.
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The factors are corparable between battalicns of

. different on-board strengths, because each of the terms

El skould Le divided by the battalion strength, and that

n i/battalion strength term cancels out of both the numerator

and the denominator. The weighting factors gprovide rela-

tively greater weights to the medal, SLOC and C41 occurances.

.l This factor is utilized to take account of both

: the disruptive influence and the positive influence of those

whose performance warrants special atteamtion. 3oth are felt

to influence productive effort. Larger values of COXNDYCT

indicate a relatively yreater overall positive influence
during a deployment.

C. " COTIBTN

While it is not possible to atilize traditional
learning curve technigques to account for the increasing
contribution towards production that is expected to conme
from time in key billets, some recognition of that influence
is possikle through inciusion of a time in battalion factor
for the Commanding Officer (COTIBTN). This factor equals
the average current kattalion experience by the individual
in that billet. For a CO reporting aboard at the beginning
of a 9 month deployment, COTIBIXK = 4.5. For a CO completiag
a 24 wmonth tour, being relieved at the end of +the third
month of a 9 month deployment, COTIBTN is fiqured as
foilows:

((3/9) X (21 + 24)r2) + ([|€/9) X (0 + 6)/2) = 9.5
See figure 4.4. The Civil Engineer Corps Directory, NavFac
P-1,. provided reporting dates for all officers.

d. MO®BINT

This indicator is derived from the average of

the interium repairs rerformed each month as a percentage of
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the average CZSE irn service each month during the deploy-
ment. CESE 1is an acronya for <Civii Engineer Support
Equigpment. It includes all velicles and major construction
equirment assigned to the battalion, excluding tools and
minor equipment that is managed by the central tool roon.
Typical examples of CESE are jeeps, dump trucks, motor
graders, backhoes, and wheeled cr tracked tractors. A rela-
tively higher MO%INT figure will have a more disruptive
influence on production, as vehicles and/or eguipmert are
out of service for unscheduled repairs. The informaticn for
thls data element is taken from tne DCR.

€. HWTAVETOF

Personnel stability statistics are a reguired
part of the DCR. Informatior is provided on losses and
gains, by month of deployment, for the following categories:
officers, E-7 to E-S, E-5 to E-€, E-1 to E-4. The WIAVZITIOF
wvas computed as shown in figure 4.5.

Standard battalior peacetipe zanring for
enlisted personnel by rate and rating, was obtained froan

reference 4. Enlisted tour lengths are available in the
Enlisted Transfer Manual, reference 28. They range from 36
to 43 months. The most predominate sea tour is 36 months;

this was taken as the standard, in computing the WIAVEIOFs.
Officer tour 1lengths have been a standard 24 aonths
throughout the period of this study.

The turnover factor should equal 1.00; a greater
number indicates highker thamn average turnover. This factor
was included to provide recognition to the varying extent of
turnover within different battalions, and to allow for
recognition of its possible influenca on production. Note
that no allowance is uwade here for the relative influence of
the different categories, i.=2. a 11) percent WTAVETOF for
chiefs (E-7 to E-Y) would have the same value as a 110
percent WTAVETOF for junior enlisted personnel (E-1 to E-4).
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Teras
ATfr Actual Transfers (in or out) during
deploynment.
AMT Averaie_ﬂgnthly Transfers. Calculated
by multipiying the allowance of the

category by 2  (transfer in and out)
and dividing by the average tour length
in months. .
ET:ir Expected Transfers during deployment.
. Thils equals the AMT timeS the months of
deglo ment.
ATEr/ETfr (Actual over Z=xpected Transfers,
during deployment)

TI0F

For each of the four categc¢ries (officer, chiefs,
E5-E6, and E1-EY4) the TOF is calculated and then

a weighted averaje (WTAVETCF) is determined by
wglgh ing each categorg according to its proportion
of the total authorized peacetimé maanning.

Figure 4.5 Weighted Average Turnover Factor.

f. COMPUTER

Installation/initial operational dJdates for the
minicomputer at each site were obtained the narrative
portion of the applicable DCRs and confirmed with records at
CESO. A dummy, categorical variable (0,1) was assigned
based on the absence cr presence respectively, of the mini-
conputer. Table 1 in Chapter Three shows installation 3ates
for each site.

D. FERCENT DIRECT LABOR, ANALYSIS AND FINDINGS

1. Analysis

An analysis of variance using SPSS was performed on
MBACTDL, with COMPUOTIER and LOC as factors, and COTISTN,
WTAVETOF, and MBEM as covariates. The three covariates were
chosen from the possible seven because they providel a
reasonatktle pmatch between a need to include variables
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representative of the differences between deploymerts, and a
desire to umaximize the number cf cases utilized ir the amal-
ysis. (As noted above, 70 percent cf the forty cases
studied had missing data for one or more of the eleven vari-
ables.) The analysis of variance procedure deletes cases if
any of the variables are missing.

This initial ANOVA revealed that both LOC and MBEA
had a statistically significant effect on MBACTDL. Ir addi-
tion there was a significant two way interaction between
CCHPUTER and LOC, as shown in Figure 4.6 below.

A separate agalvsis of variance was then perifcraed

on 4BACTDL, with COMPUTER as a factor and the same covari-
ates (COTIBTN, WTAVETOF, and MBEMN) on the Diegc Gracia
deployments, on Okinawa deployments, and on deployments at
the remaining sites as a group. This grouping of deployament
sites follows the logic presented in the analysis of CBM in
the previous chapter. Okinava was treated separately

over L AR A v S
Py e B H e
KA ki W R

tecause cnly one battalion, NMCB 3 (split into a Blue and a
Gold team) rotated deployments there. This provided a
greatly enhanced degree of continuity over tkhat normally
expected. Guam was included sith Rota, Spain and Puerto
Rico as an otherwise normal defloyment site. Diego Garcia
was treated separately because of the high operational
priority placed on projects there. The results are shown in
figures 4.7 through 4.9; in each case COMPUTZR has a statis-
tically significant effect on the MBACTDL rate achieved on
the deployment, (i.e. significance of F of .05 or less.)
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2. Findings

Bypothesis II, restated below, is tested similarly
to Hyrothesis I by determining the significance of the F o
statistic of the factor COHPUTEF in an analysis of variance .?}
that includes available and 1likely factors and covariates
wvhich nmight affect the dependent variable percent direct
labor (MBACTIDL). Hypothesis IX is conversely related to the
null hypothesis that the mean values of percent direct lakor
are equal, for deployments before and after the introduction

of the minicomputers.

Hypothesis II: the percent direct labor experienced
by NMCBs since tlke introduction of wminicomputers at
mainbcdy deployment sites is statistically differert
than that experienced prior to taeir introduction.

Within the deployment groupinys developed, +the null
hypothesis is safely rejected with 1less than five percent
probability of being in error. Accordingly, Hypothesis II
is accepted, with a 95 percent level of confidernce.

The mnmultiple classification analysis section that
follows each analysis of variarce shows the effect or the
factor CCMPUTER on the grand mean of the dependent variatble, :
MBACTIZL. In the case of Diegc Garcia deployments, after i
adjusting for the independent factor and the covariates,
MBACTLL figures averaged 23.14 (29.57 - 6.43) before intro- EN
ducticn of the computer and 32.14 (29.57 + 2.57) af ter Eﬁb
introduction of the computers, with an R squared value of ?Zﬁ
0.948. Percent Jirect labor fiqures for Okinawa deployments -
likewise went from an adjusted average of 18.7 to 21.41 with jvi
the introduction of the computer. (R squared = 0.969). The f
analysis which grouped Puerto Rico, Guam and Rota, Spain : ;f




together shows a decrease in the adjusted average percent
direct labor, <from Z23.52 percent to 20.22 percent, Tais
however has a much lower R squared value of 0.4é64.

E. DPERCENT DIRECT LABOR SENSITIVITY ANALYSIS

In the above analysis, the main variable of concern is
that of percent direct labor. It was noted that rework was
reported as direct labor and that the reward system tended

to emphasize attainment of high percent direct iabor figures
on monthly deployment status regorts. The sensitivity anal-
ysis addresses how much error in the percent direct labor
figures can be accomwmodated befcre the results of the anal-
ysis would change (i.e.  significance of the F statistic for
COMPUTER exceed 0.05)7

There are no apparent factcrs which would tend to bias
the percernt direct lator figures upward since the intrcduc-
tion of the coamputer. If anything, the tendency would be
the opposite, as mandays must now be reported agjainst
specific activities ¢n the project and reports are readily
available showing actual versus planned mandays by activity.
Increased use of these reports within the battalion would
podify the reward system by giving the battalion <chain of
conmand weekly {or more frequently, if desired) reports on
actual versus planned performance. This puts the crew
leader in a position ¢f having to justify overbudget expen-
diture of labor on each activity on a weekly basis. Before,
with the practice of ejuatingy froject percent complete with
rercent project mandays expended, the battalion basically
had to reconcile the two only at the end of the deployment
during turnover to the next battalion, assuming tuae project
was nct completed or there was a significant amount of
mandays left out of the planned total reguirement. '
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The guestion remains; how mnmuck error in the rercent
direct labor figures can be accommodated without affecting
the analysis results? To determine tais, the percent direct
labor figures for deploymeats frior to introduction of the
computer were changed by various percentages until the
significance of the F statistic for the factor computer
reached 0.05. Those percentages were 7 percent for Diego
Garcia, 6 percent for Okinawa, and ainus 4 percent for the
othervise normali depicyment sites of Guam, Puerto Rico, and
Rota. (Recall that in the Multiple Classification Analysis
associated with the last ANOVA, introduction of the computer
showed a decrease in rercent direct labor figures.)

For Okinawa, if percent direct labor figures for the
deployments prior to the introduction of the computer were
all actuwally 6 percent higher than those reported (i.e.
MBACTLL reported as 20 percent where the correct figure was
21.2 percent), the analysis would have skown a significance
of F of .051 and Hypothesis II would have been rejected.

These variances are, in the opinion of the author,
certainly within the realm of possibility, but giver the
natural tias upward hefore the introduction of the computer
and downward after its introduction, they are not grorakle
in the case of the Okinawa and the Diego Garcia deployments.
In the case of the Puerto Ricc, Rota, Guam group, if a
reported average 23.5 percent direct 1labor figure for
deployments prior to the intrcduction of minicomputers were
actually 22.6 percent (i.e., the reported figures were 4
percent greater that actual figures), then an analysis using
the correct figures would have shown no statistically
discernable effect. Given the aforementioned natural
tiases, this is well within the realm of probability.
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A. CCST PER BANDAY

The analysis of cost per manday as a productivity

measure revealed no statistically discernable difference in

; cost per manday figures before and after introduction of the
E minicomputers, with the results relatively insensitive to
‘ the inflation rate used to deflate the «cost figures to
constant dollars. The premise in the initial Automated Data

System Development Plan, that a fifteen percent reduction in

i: construction durations would occur as
recorded data on initial construction
:: : The final analysis showed a

cant two way interaction between ADP

TYPE. A review of the available

tion of ADP with time may introduce

construction procedures.

the identification c¢f an additicpal
could have aided in the analysis of
CPM. Such a focus was not within the

77
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a result of introduc-

tion of the minicomputers, was untestable due to a lack of

schedules.

statistically sigrnifi-
and the recoded factor
information fails to

disclose any explanation for this interaction. The correla-

a factor that is not

properly accounted for in the analysis, possibly due tc tae
method of deflating costs, an uridentified change in the mix
of projects, or changes in battalion operatiomnal or
An indeptn focus on time corre-~
lated changes within the battalions might have resulted in
factor or factors which

the effect of ADP on
scope of this study.

It must be 1recognized that CP¥ is not preseanted as
an accepted, established, or validated productivity ihdi—
cator. In fact, this is recognized as an inherent weakness
in studying the effect of minicomputers or any other

..........
......
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management techniques in battalions; there is no generally
accepted rroductivity index in use within the Naval
Construction Force. It 1is noted iowever that this is not
inconsistent with puklic sectecr construction in gemneral.
Both construction and public sector work, in general, have
been outside the mainstream of productivity analysis due to
difficulties in measuring output and determining comparakble

projects for compariscn purposes.
2. BRecommendations

An alternative approach to a typical productivity
study could consider the stardard in private sector
construction, i.e., bringing the project in within the biil
amount. Conceptually, projects could have a bid price
established, including equipment and direct labor costs, at
the start of the project and any changes to that price would
be negotiated with the ROICC using established conrtract
negotiation procedures. This would correspond <closely to
output as determined in the private sector, costed in
dollars. Performance would then be measured based upon the
inputs used to complete the project. Project manadeament
software is readily available for tracking this information
against budgeted amounts. Whether this procedure would
warrant the time and effort asscciated with it is upcertain.,
However the lack of an established, objective procedure to
measure performance hampers the improvement of construction
productivity, which is an important concern within the WCF.

B. PERCENT DIRECT LABOR

1. Conclusions

The conclusion of +this analysis is that the intro-
duction of minicomputers did have a statistically signifi-
cant effect on the percent direct labor obtained on
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deployaent. An increase ipn percent direct labor was
expected, and demonstrated at Diego Sarcia and Okinawa,
hovever tke decrease found at the remaining sites is unex-
plained. The findings for the Fuerto Rico, Rota, Guam group
are sensitive to the accuracy of the percent direct labor
figures reported to the extent that it is not felt that the

findings should be considered ccnclusive. The time correla-
tion of the introduction of the minicomputers, <coupled with
‘ the lack of a control group makes it difficult to determine
" whet her extraneous factors account for these differences. i
&; more indepth focus on concurrent changes in operaticnal and
constructicn procedures might result in the identification
of these factors, rut none were apparent in the course of

the study.

2. Recommendaticns

Considerations for furtlker analysis should inciude a
time series analysis of the three general categories of
labor (direct, indirect, and overhead), coupled with a thor-
ough evaluation of the extent cf minicoaputer use by major
software application. The iresence or absence of the
conputer, as used in this analysis, wnay have Leen an over-
simplification given the varying degrees to which it may
have Leen used.

C. SUMMARY

¥hile this analysis has not been able to substantiate
that wminicomputers have had a significant efifect on the
productivity measure developed, a change in percent direct
labor was shown. It is ertirely plausible (if not probable)

that the inability +to show a statistically significant

effect of nmipnicomputers on prcductivity reflects more the ;}5
inadequacy of the productivity index developed than the lack :fq
=i
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of effect of the minicomputers. Further research is reccm-
mended in the development of an objective productivity
index, even if it is project specific, to provide a more
objective measure of constructicn project performance tc the
battalion. Realistic, quantifiable goals are critical to
improving performance and sustaining that improvemert. The
magnitude of the construction put in place each year by the
NCF warrants additional research in this area.

Tke guestion of the applicability of minicomputers to
the mission of the NCF may be viewed as purely acadenmic
within the rext decade, as their availability and capakbkili-
ties increase and costs continue to drop. While this anal-~
ysis treated computer availability as a binary factor, the
state of the art in computer hardware and software tends to
improve continuously. with relative differences bhetween
successive generaticns of equipment perhaps more significarnt
than the presence/absence factor used here. Future studies
should focus on prcductivity issues, the control angd
programming of labor and nonlabcer resources, and the abiiity
of the rattalions tc¢ accurately plan and execute thLose
plans, complieting projects on schedule and within budget.

80

.............................

e

B
Latate.iate v oo

PRI ST

L
RSO A I T Y

........




R Sy S N

ERAP IR SV WA )

< -

TABLE 1
Construction Productivity Data

indicates case used in final analysis.)

stk

{Note
COST

LOC DEFLATOR

ADP TYPE CONF ADJ} CpM

INDEX

STAKT

PROJECT MANDAY

APPENDIX A

CONSTRUCTION PRODUCTIVITY DATA

OV 2 INMNSNMAODFTMTONANMO—NC
ORI NSO MONQ =N OO S SO O™ 2 )
OO L S NN ONNC =@ = NN
NSNS NN O MO NN NM SO
O RNINM A IO D NDNOS N FONDDOND
QISP N D LA O\SUNOO N INO M~ OO

€ ¢ ¢ ¢ ¢ & 8 0 ¥ o % & & 3 2 g 0 9P P s g
[olelelolelolalalelolalelelelele lolele Lole Lo e fe)
O 8 0 9 8 o v " g og ¥ s 0 g% 2 oa e e
Ladaad ol o pdaad ol ol ol ok ol ool ol aad and and ol aad and o and andl 2ol sl

I PN MA@ =N
~—NTOTNOGRE OO OOV~
® ¢ 9 0 8 % & ¢ % O % F O O 0 2 8 0 0t gt ¥ ey
FOND™ SOOI INNOY OO
DN e=mM =N MO Neee=Ne= Mo

I N N N I T N A D N N A N B Y )
QNM P ONOSOOMNINOMOAITFOITMON
O~ M ONYSNDDOOSMUN NN
I OANOWLXRVMONNINT OO T 3~
M e QAN MNOSOONOF T OO IO
—2o0N WnNIFre mne= ~

Lad o -~

2 ¢ ¢ € 8 o 0 ¢ 0 g 8 0¥ ¢ ¥ 8 N P 9 b s,

DODOTOOICODOFTOIOOOFFITOOIC

SOrMe N~ N NONT OO NN = (NGO

LI R I T R I SR T O SN I O LI RN I I I I I B
Lol ol ol XX T ol d VeIVl Sl fVal ol ol nd Ve Nel Ll odVel oiVe]

NOENDOO WD DNV OO D
NONANONNINANSODRNODNANNOND
—OMMMOMMOrMeMe et MemmMomm
P % 0 ¢ 2 9 2 ' g 0 98 ¢ P F B gt e o
QU N = NNOMONO I e
MOV PO MOO NN MN O ~0OM
OOOQOO™OULIOIT T I I VWIININOU IME= (NI INT
Ll ol d ol o ol R ol ol ol el ol loal o ol nd ol b ol o g

WONNNNMSNOWN™=MNOWIT NSNS ONO SN
LN I I I I I I L N R I I I D B L I A B
Ce il i nlnitedtelplelalol. i gleelsolotogeoilpnlsslafosl e ]
(ISP O PSS S N QO O PN QO P [ (O - S GO~ 0

¢ % g 0 0 9 ¢ % ¢V g 0 08 9t g % B e g a0

CIONMONOONOMO NS O OINN OO

MIITIMSC O EMOOMOMS MO OMmM™Msar

QOOMIACUICOMS M RON™ OO T OO NG

WA ONNMS S MMV O S P e e

Lo sl aniVel LYo Yo o ¥~ JoV Ll o ON Orecrme —
- ~ O -

e ¢ ¢ ¢ o ¢ 9 0 g 9 g % g ¢t s 0 8 * g ¢ g 9 g
= OOVOTONIVON S NIMAOW I TOL
VIS0 O OO ™ NN T OMEO™ > P CNN
NWOMMIS NS MO O U= QUMMM =M

- MM ™
~N

S 9 0 0 0 ¢ 0 0 9t 4 8 s 0 2% ey e

OIS OO OO ™= (WO ™ O == [N DO~

N OCOMOVC OO r o000 ™

[Vl ValiVaiValvalTy] T ITOII OO
'\

— g = o O

% I HHR R L

81




s e e s o Sate e St Jhat Tttt Shd Tt Mg Shdi=R i

NOWOSONNFIOOITNOVMOOINNOONM™ON ™ OO MNANWMIOMS
FNDVONNODLDODONS =2 OONNOONF T NON=~FIONM=3 3
AN 2T TOIIANNNTINEE e OO NNNANOOND NS ONIOVNNN
~ONFO=NOOMAOC™=N RO I IOVOMMORITONNrTr—ONO™O®
NOOMOD = AINCINDN D MPIMN P N NDNNDDONDONONOMN
Vol dValVel o qVa VeIV T alTolVolTo iNellolTalVo [TalNe Vo [FolTalVallal o dVely dTolTolTal ol o ol el o X o i Tol o]

NN N N N R N N N ]
[olelolalalelolelellolelelalelolelolelelalolole lolelolelole v lolole loTe Lo
@ ¢ ¢ 8 0 ¢ v 0 ¢ 8 0 5 0P 0 0 0 0V T 2t PN et g9

T i s g (= e P T g e e P e = e T e e e (N OO IO O N NN N

o
(o]
B
-
-
By
2]
[=]
L
Q
-

OWVPOD PO ANDDOMONOMOMONOVVOI™ONNM~OM
MONONDONNONANANDSONUNTNO = P r=INNONO ™™ ONNON
9 0 8 0 o 8 0 2 % 2 0 0 g ¥t O PP S P S 0 et ety
VIS0 TNMOMODONNTI OO IS QOSSO MO
- Meeope e eI M e e O e e NN ™

CcPM

¢ 9 9 0 9 0 '!.'.."...C.I'.'.'....'.l..

mNOOMthF'MtnNM\O\OIn\Dmu.NO\OM(DNN\D(\PO\'-::NQ(\F\D

MNP GNSOITNNTONTOOONNTMNOONOIFION

OO THAONRNOMANCITINNNE =N M TOY T IIMOMMONINIOD

—TONONUNND™NTOOONON™ P = NN IIUNO™NMrNM
L d -

[elalolelaleololelolelal falalalelalale b lolola o folale s f Jololelole ok Jo]

Qe AIONAN N = O NSO =N =M= mMUN N MO MM et e

L I I S I I I T R I I S R T I I R I O O B N I T I I T T N
Ldaslad adesl ol odialtelle Tallal JValVelTolTolVa Vol ialTelTallalosle [ odiallallol ol pde L ad ol dTal o

ADP TYPE CONF ADJ%

Table 6
Productivity Data (cont'd.)

QONNOD DO ONNRNRONNDRXVOONNDOUNNAD OO INMSOW
QONNONNNNNNNNOONNNOONT NN NNONONA NN
MO ™= O MM MMUNOMMNUNIOO ™ =M MO =S Me
¢ ¢ 8 0 % 5 o 8 ¢ 90 0 P g 0 8 0 g s s 0 80 8 0 g T VO G e RO
SO OO =IO ™MP™NONO NMMO OMMNOMM IS OMMONLO NMNN
O IF OO0 NRANNMMS ™ X QUNMONNNM T OO MNOOOO I OUNO T >
NE O ININMI ST NOM ST NSNS MNP O TMOOT O OOouU ™
0 2 o o 0 o 40 0 0 07 € 0 7 10 0 07 0 o 0 4 5 0 0 17 0 T 0 7 0 0 o o 4

INDEX

O OMANNMONNOONMMMNOOOLONO=NUN RN O™ ONNC
9 0 0 90 0 0 2 0 P 0 ¥ 2% 0 B 0t P 2t g st oo
WONANDOONONOXRO™Or N O NOWWOOTWOWO SOOI~
PSP QO P~ 0~ 00 O ™~ OO [~ 00 CO0 O I~ GO 20 CC CO CO P~ I IS CO QO P~ 0~ I~ [ IS I O 0~

O 8 0 0 0§ % 5 % 0 0 0 0 0 00 S 0t g b e b g 90U g e g o
SNO O =N ONNONONMNO™ AN MO S SO~ NN TSN
MNOONITI NV T NN MO P OM IO =N~ MON~ QD
~SOUNOWOWERMMAAIVONCODUNNSMANOWMSMQOMNO M= OO MUNG
NN ONOF I N OONMANCON=NMN OO S FNOOY

FeCNNTN MOANNNOINDN N INeEMIr OO o~
L = 4 o Load ol o] o~ I A

Construction
START

0 0 4 ¢ g 0 9 9 s 0 9 " s 0§ O gt o 0 9 0 P QS S 0t 00 ¢t gt o 0
2FFONDONO™ e MNONIOOO M~ OSSO I OO
SN ENTOFMODVOrE = S NOIMONE ™= OO SO ON MO
NS FONOMOM NS OMMSMMOVME O OW TINTINOMMORVIMOW

Nemr=Mes ¥ e Nee NV = = M e

- [
® 0 0 9 o & 3 0 0 0 0 2 s 0 2 0 9 8 b 0 b T SN O DS
NS Mem e OSSN NN =M ONOVNYO SO OAOINMeE OO
—reNOOOOQOr rrrerNNNMIYVOOOr e NNM e NI
= E - JeoTeole olooteols ofe oo ofe elostooloefeoteoTe o R0 40 ol sl o ol d ol od ol g EXr 4
e O et

PROJECT MANDAY COST

0
% 9 LR R X X ] LA BN X X K L X X * 3 *R RRE *

- 82




T Prr————we—w——_wpeee= —pe—— . —— i asiic abar uREC AR XORE U M Smn atuh Mnh S S SN

WOASONMOOMINIIIIOIFI I OMOOO=NMO
NONO O OO I A S DO OIS = oS
DANNO AN = N = O N SO NOMOMS =M e (N MM
MOOMOR =N O ™~ DOMMMMMMNT N ONOQO ™ TS
PO ANNONOONOX = Q= = O NP N FOONMM
mwmmmho(\xomh\om\o\ownoso\ommmmmmmmmmm
t 9 0 0 L

OOOOOOOOOOOOOOOOQOOOOOOOOOQOOO

aila 1ot Iat ot (e Tt Ia  [ot o [V Te Tal Ta T I TarTat Tor (e Totia TotTo To [a Iatia Tatie))

MO e= MO MU NDINT AN NI DO O TFONNINC T
QAN FON FOAWORNIMANONUNIN= = NN IFOOUNM
€ 08 9 % 9 0 8 0 2 0 0 0 P P e S Y P E NN
O ONN AN ONNIONO M =D = MUN™ O M IF MM O MU
ONI>e=—N :r:mm:rm'mm:rg-—mc\! ANANOM= Q™= ONN

CPM LOC DEFLATOR

9 ® 9 ¢ ¢ @ e % 0 g 9 ¢ 9 0 0 0 g 0 9 ¥ 9 0 @ 0 ¢
NNO\“’NNC‘:”O\M&OU’)"‘MC\OO\CQQ'U\QOO\DU‘\OC\ICONI\N
O OO T OO D I PO T OO DM MU D N
S OM T = P NMIINEST TN QAT - MM
QW™ O\OW T MANNNOI~ = NN ODR VIO NN
QU= QI Ne=OIF MO N e e
- Lol L d

® o 0 0 P 0 0 9t 8 9% g T N 4t P LN e
[elolelalolaloF lalelelalelelelelelolelolololwlolslal JoleTa)

® o ¢ 9 0 9 ¢ 9 ¢ W 0 ¢ 9 0 g 00 0 0 ¢ " 0 ¢ 2 0 ¢ 0 e 20

MO OOMNIOITMNNTONTNNT T TMNONNT™D

ty Data (cont'd.)

vl

O 8 8 0 ¢ 2 8 o 0 % P 0 0 ¢ NP N O S P T Yoo

== O ™ = L0 DN = DN DI UINIWON LN

ADP TYPE CCNF ADJ§

Table 6

OOV DDMDXDNPVOOPROOOHOONOCRWMO DD
NONOONONIONCT NNOONOOONOONTONO NN
~OMOO™UNIMMMMe—MOOMOOOMROO™OOMMINMLIN
L R U B I e N I N I O N I N R B L N N R I I L I
=M~ DN NMMNIO MUNOIANINININTDIFONIMNMSOUND
=0 I 2 NN OO MIUNIN O NUNIINNDO M CIMIIN O =)
VO ST I U N INST M ST NN IS JUOIU IO UNIST WU
o e e P o (™ = O P o P P T e T P P P P T T e P T e T = o

Product

INDEX

SNANNUNO M M NSO AN NN NN =N O NIN O NM 4
9 ¢ ¢ 0 5 5 % o & % g 0 B 0 9 0 PR B % DO 0 VO 2 * 00
N0OO™MNOSOOSNONNONNOO™ T rmONO ™™
PSSO DO DS S QOISO PSP I I - SO0 €0 00 Q0 VW0 QO CO 0

e 0 8 0 0 0 0 ¢ g 0 0 s &% g 0 e 0 08 9t s g0 g 0 0
NCOQ ™D o MO M T OO T TR T.O
NOTOINM = (NN T OOMOO T MV O GUININOV IO
NITOIFOVWONOITOONMOFONS T~ QT OO MO
OO N™UMOM O OMNOMPS P~ =P e AN -
T AMTOSNONIIAS S ™0 TONOMIANOO
-\ e Lol ) o

Construction
START

¢ 0 8 ¢ 9 ¢ 8 % 9o 5 8 0 8 0 @ B o 90 PO Ve g g
2 ONMF OSSOV MOVFOTITIOVNMNITONOV O
WA M SN0 INONMANO S MO VN NN ™
SOV OOANANNTMOM T =MD I MO I NN
MmN N ™ = (N Ll - - -

MANDAY COST

P 9 0 ® 0 0 ¢ g 0 0 gt & 0 0 g b E O N et ooy
NNOM =~ S~ ONONMQ ™ N MO QRN =M™ OWN
WONNMMMIIINWOOOONITNOCOO OO0 MUIN
FUIOT VO DNXREOEWOREOTOILLITICHONONMNOON

Nol¥ellelVolVe JVelVelo T ol ol pl el e ofo eTopTeploplepleploptentoptople Yo Yau o !

LA K K B * LR X B R A R * % i %

PROJECT

PR
TN

83

MO )

Lt
NESEONENY




Py

Table 6

ty Data (cont'd.)

ivi

Product

Construction

CPM LOC DEFLATOR

ADP TYPE CONF ADJS

START INDEX

PROJECT MANDAY COST

~OMANONO e e r= =¥ O D OO AND O MMM PN
N I v= OO0 [ 0 [ MM MO M MO MM MM = DWW IO
FONMSNORDON TP NP OMIIIN M FNMNM
VIO PO N 1= = = s P P (LD SRS (S O D OUN SOV LN
TANMNAIE OO O NS AIMON OO NN O OONC
LNLONUIN N S YN O N O DV OV 0 Q0 OO O\ DO

9 ¢ ¢ 0 8 02 ¢ 2 % & 5 0 8 0 8 0 8 ¢ 0 5 0 0 0 ¢ 0 ¢ 9 3 @
[~lelollolololelololololalelotolole lolalelelolelo o lale T )
o % 5 ¢ 9 0 0 0 5 0 ¢ S g0t e N T R e 0N s et g 9

AN AN AN NI OO D NN DN O NN

MISUNO OO QOO - ONMO T = PO
NN =0 TPO NSO TN
* 0 g 0 8 0 0 0 s 0 o ¢t aTIM o 0 0 s 0 TP 0P 0 e
OO NMDMS=NO & & S-ONPNON =~ Om>
PR:’\DN TFIFN=-OM =MON=ME=OONT™—Mm

r~ - -

9 9 ¢ 0 g 8 o ¢ 0 ¢ 0 0 0% g 2 2 0 0 9 0 0 0 e o0
:ﬂ—lncbfﬂfﬁhFP:?\DI\:TMPLOSO\\DNI\U\\D(\CO‘-ONU\
ALNDN NSNS~ O N~ O OROXMOOIOIOOMO
QOFNANDDFOONMUNMANNO M= O~ MMANIOY
MOMONND D™~ MO PN M T MNP OIS MNM
N = e QO OVM T OOPOMSANL AN

o~ N N NN =

—

QOO0 OITOOTOr O ITOIOIOONNNOON

=~ ONOOTNN™OOMM M Me = OO ONOQNMUIN

e @ ¢ 0 » 0 g 5 9 0 0 0 ¢ 0 e 5 9 0 9 0 0 ¢ 80 0 0 9
IHAINIUDIUNOININLND e v v (e v e e e o e U o= = U
=

ONVOODRRPWDOOOODOOLWOVSNODNDMS
AN NOT NN NNOODNOCONOONNNNNONON
MEMNOSMMMMNMOOCHONOOMMMIs—OMMs
® 8 0 0 0 0 0 5 0 0 9 5 5 0 0 0 0 0 N0 0O N LR G O
TONONMISIS SIS S e e O e e e O MONMS

QI O ANINUUNN OO O AN NN T IO MOV O
WO IOV NWIWODO OO DD DL NORMMOOMOOMNINNO
= = = T - - e -

M ONONCNINANNNCOO FOMITOO S SNT ONNM T
9 8 ¢ 0 ¢ ¥ 2 90 ¢ 0 0O g s e P N E NSRS O
Qe e OO O OO LN OO DI VOO DD O
O DD DDOMD DI (O IS P P P P P S S S A S

® 6. 0.0 % 3 0 0 % 0 0 P 0 Y DN g0 s e
=N O O0000000OO0ROOOOCO
—NFNOCODNOOOOCOOOOOOOOOOROD
WOINMFNONNG D™ M=M= DO OMNOOTO
SO NV N NOOONCO NI RS ONN ™M O
WM™ MMe OOOMOMANATNOL OO (O Mme
~N onts -~ N Neeme=cm @

pad

0 8 8 % 0 06 0 0 g 0 ¢ ? ¢ 9 ¢ 8 9% & 0 o 0 ¢ & ¢
WAUIMOO 0N =N =t(N © @ dONONW L OONMUNMOWY
NN OWONOVSIOV™ 5 G SN0 NONI O I N
nmNINTFNIIMOIM ones NN MOOINM™=0O
- o FONNNT™NN Fee

- [l Ll

EEEEEEE NN R N
QI OMINPO™ NN DON OO NMOIMOO™rN
QO IFIITMMMONIFONNMIT I T TNNOUNNDOIOUN (N -
[*aleal FITO® ANONONINIO DO
o - WNOL\OWOO\D

* » L 2L I A * *» * 3t

8Y

N X




Table 6
Productivity Data (cont'd.)

Construction

<]
o
>}
i
I
o
(]
(=]
S
Q
-

ADP TYPE CONF ADJS cpPM

INDEX

START

PROJECT MANDAY COST

NN DS NUNONDN NN =N S PSP O O S N B S
MMM MooV INOONMOIFOITOOONONOOSOOD
ANANNNE= NN PN NTOMTMOCNOOONDOODO OO0
QOO O™NN ANV ™ SO DM IS VS P e P
NNV = OO CVDO = = VNN 2 OO DN O W OO OO N NOOQ
bhhhomhhooohomw@mmwoomommmommmmmmmm

o s 00
OOOOOOOOQOOOCOOOOOQOQOCOOOOOQOOOQOQ

LI K I T I B RN I T I DN DR TN T BN BN TN DR BN NN DN RN DR I DN L DL O R I B N

[T TaValtallalTallalVallella Vollalle taliallalle TalTalVelValVallyileiVTallalVellalVeltaltalVelty[Tolte]

e OO NN ANAT O OO NSO
O = NOODINQEONOONAT N e=OMSO MO
.OIOQO'il'l'l.loll.’.t'lt..lll(ﬁll..
OIS N Qe OQ I TAFONMONMONDDOMO®D SDONON
WO = A= AN AN = A T NN NN NO = oM
3] E 4
-

¢ ¢ 8 0 ¢ % o 8 90 s 0 ® 4 ¢ 0 8 2% g 0 5 B O g B 90 g0 g
Nm—mwmmmomhwbwhamoom:hmmmmmohwwawm:
MP=DN O™ OISO OOVNNNNTOMON TN (NO DD
OLCNANDOOINOUIN O AN D™ NN O L OIS0 oM~ mMe
S ONOWOW = AP ANITNE O =10 T MO ™ NS NS OWY ON = My~
ONWOOINDOUINM MNP =M NONNMMIT O™ ICNNWY
NON=NIN——r—N ™ O Ne—msr NN o -m

- -

* o ¢ g 8 o 9 g e 6 5 & ¢ 0 5 ¢ 0o & g 0 9 & 5 0 9 0 2 9 0 9 ®

OOSOOOOO39000000"00000@0#OSOSOO#GOO

NOMDO = rmANANMMOOONIT T O NONNMNONM™

D I I I T I I N R T R R N I I I I I N I I I I N N N N I I}
S MERNN M MDA = DN NN NN IO DD N INOINHNINNWD

ORODINDRE =D OV DRV RUNONSOONOOOOOOO
AN ONONNNNNNONON NN ONOCOONOOOQOOOO
NN O NP SN MMO SO OO O ONOVOOOO0O
S 0 92 ¥ % S g ¢ 0 B % S W P B R VL gt e gt T 0Pt e e
ANONF 2 MONMS SO UMS MO OO TN OIS B [ O OIS IS IS SIS
OUNOD s MUNMO DN NN ANLO 22 (0 33 OO OO QWO \OD MO OO OOOW
QO ™ (NOOOINOKNOINCNINCNMT YN M I INNTI NI ITIITTT
e P e O G P P e 1 e B P P g £ P P e 1 £ O 0 e

QWODNO AN M AN NN T MM DO O O N COIIINININ
® 0 ¢ % o 0 o ¥ o 0 9 8 0 9 20 80 g 0 B e g g0 e 90 e 0N
WO~ 00O R@MSNOODNODINONOOONONOOOCO0O
P IS IS IS I P P S S IS B P P S I O P B 0 (- QO P CO.CO 0 I T~ CO 00 D VT W

e ® ¢ 2 0 2 g 0 9 B % 0 g 0 0 0 Ut gt b s NS g0t g g
OMNOOQOOOCOLQORCOOOCHOOCOOOOOODOOOORO0
[=lglelelelalalalelelalslslelalelalSlolelelslalelalololeldlalelelolelel
CO~QANNNOM ™ MO YOI OCOMONIIFIINCMOINM IO
MIMMOMMMONOFONMOEC =N OOST=NNMMNT JFr M =N~
WHMOONMMMNIPIOSNO NANTOMAE = oYM are-m
ANONMANMONNNMere= o OO MMMars 2 aNO
-

e 0 0.8 9 0 9 9 0 0 g 5 0% g 0 g 9 0 0t ot g et e ¢ o 00
OOMOM FWINONOW O™ MNCO O OHNN O STAONN A TOV
NOO™ NSO IFONDONSNOUNTNANMRITINCIMOTOM™ SIONO
QAWM POWWMANUNONOYM MM T MO NP N e
O™ DRSNS FNOO\NO\U\NOPNP I O
Lo L d -

L I I R R R I I R R I R I R I R I N T I I R B I R R I I S B '}
NOINPOC =IO ONMO NN SONM IO ONOOOO ™
COIMMMIP I TP OOOM SO P FIOOO™ANNNNNOWON
ST €0 €O 00 C0 0 €0 20 00 80 40 00 00 0O CO L0 CY €0 00 €0 00 00 €0 00 0 €O 00 €0 €O O O TH EO
z@@@OOQWWW@@W@@E@OW@@Q@@QQQ -

* %* L X B R K KX * G * * * %

85




AR AL LI e ¥y Ty Ty T Y
T e, LT LIS
PEEEAE AT H\.-\\”u .- ‘..-J
. 1
2 ]
v (4 4
LR
¥ K
r. o 4
~ St
,....u
. -.ncin
.
o . --.
. 0 0 Qo or - o -y ono ©o P
g [ ] -~ e 3=+ - - * [ . . 2 [ 4 ‘.4
. 2 L OF+ ~ - ~N ~ o~ o o e
3 b Q oo m o~ Ld - ) P
: M. .ﬂ e - ”* .
3 = - HimHH HHHHEHHH R AR A &
- =] a | i ' | ] | ' :
s | = t ‘ | [ 1
. x o 1 OOy 6.2053.0000.5589.1082.&407.17
g Ay (4] BRI ] . o " o) (BN ] e s o RN ] e o o |CN o
1 (8 - o | NOW] OnT | OO0 ) NMOl OFN| FA®I|
(] Om | U e} N | 1 N~ | O 1 Fe= | 3
- - ] (o I | t ] { - ! !
g [ o | =x t 1 | | ¢ T
M n IJII IIIIIIdIIIIIIIIIIIIIIIIIIId R
1 ' | ' \ Ve
: . () v ] I ] | ) | 1 1 o, 4]
n =] n Mmoo O | OOOO | OOOS | —INON | OO0 | COOO | ™N gt o
q m) - [ at~a, | e e v 00 s 0wl v o el R e v e ° - 1
L | =3 NI | oo oool o I NON| oo ool -
o B ~ g << o | ! I o | ! ! -
N = ) W™ o | ¢ - 1 S
! a A ™ | t ' 1 0 ' | 0 Yy
= B e I T I e e LT T e D e T L e e e e e e e e e e L T L T L e T @© e
4 [l o QA ] ] | . . ' ] .
A &4 - " t I ¢ ! ! ' L
a H QA -|o = |OOMP |+ 2.2033.0000.5689.“2 e
o] U ] | . ol e v o '} e 0 o e o} o0 o |CY . ....4
= LY | SO oMl G2 NoF| OO ool N R
H o o | T o~} OMe)] © I o~ | I N~ | N .
&~ = _ o . | - \ | . | S
- s ™ ( | ' [ N
- Q IIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIII S
n o ] ' [ ) 1 [ 1 oA
~ L) HEHE (o] - - o
o EBHOLL|~ N m mom ~ o TR e
0 N =AML 0 %) e .
o 5 D t = HW\n E4 .~
. Q £ o= - zM[ O ot
- d OQOOI N NHH lo{ X S
’ (3 +~ MO | =tn =Rk O o
2 o] \ (L) 5] o] ] :
K - 0 Q= WEH VN o - L
, = 7] g - = DE Z o ,
A m o <A e He w = Sy
- 3 ¥ QA A N = (5 o <1
. & (8 =H e 3 & o ) "
S < HiHE L] > " m R
.. | OEm =D DWO « - E+ 9
. o0 m m ~ o o .
, b o
£ E X
& ...J
. .._




Pl
,..t'l .

e,

RO A

J ¥ e%ets

O

TABLE 8

Cross-tabulaticn of Initial Projects at Rota, Spain

-1 N =T oo =M [tole))
=g Ll } [} . . ]
R - Y = M~ o
QO N Lt Ld L d
o e
Hl-'-iHHHHTHHHHTHHHHTHHHHTHHHHT
! ' ! | | 1
W) BSOS ) QOO | NN | DM | NMNe |
Ry ! [ N ] [ | e 0 0} [N | ¢« 00
oa | MWAON | Qe=zr | ~ooum | OOt~ | mMo |
Ot | N | ONe~| ™M )] ©e= | o~ |
- i | i | - | 1
t ] : | | [ |
HHHHHHHHHHHHHHHHHHHHHTHHHHH
1.3 | | | | \
n | 1 ! | | i
~AM | ~MOM | OO0 | OO | OO0 | OOQCC |
1= [ RN ] B RN | v e 0 s e o DR ]
oY | O | QOO ! QOO | OO QOO |
N 1 (= | { ! [}
LT | | | %
T el e e d e e b e el et b g e B el e e e e e b e
! 1
W | | | | | |
VAN | ~NOM | OOOQ | mNOW | OO0 | OCOO0O |
Ny | e o 0} e ¢ o e o o [ AN ] (B
) g ) O | [>]=l ]y} N | QOO | (=110
[=] | [o I 1 = | | |
| L} ) | ] |
| | | | ! |
a HTHHHHTHHHHTHHHHTHHHHTHHHHT
Q | 1 | | | \
o | MO | D | TOOM | OO0 | TN |
| o 0 ¢ e o o e v 0 o 0 o] o o o
o | O =~ OO 000 | Wise |
= I Ny | - I unm | | - |
) b
bt 1 1 e e P e e e e e e e e e P e e
| | | | i !
EEE ~ -
HOQO I ™ (o I~} m 4 T3]
Z R n 2]
D | -~ HWn =
QBN | = -1 o
VOO N NHH —
O | = By B e
) o} <D
[~} ] XM Dt um
(2] =D 2~ (= Lal>l
< A i 2] 3+
e [~ lalal RLD EHEE =
- Aa riEH- =163 L .
al=d [alal) el [ S lakgl >
M Hm oD PYO =-Aan L]
a0 [+3] m [N
el
&
87




T g T N N S N A N . T I T T v e o= W T EF YRR T T

N

LI I I AP
.:'n"“"" L
1

v

at Rota, Spain (cont'd.)

3 L e @] N0 =M h=r no
e} . . . ] [To Y .
RES - o ~ 0 (=] o
QO - o
[+ ] - .
HHHHHHHHHHHTHHHHHHHHHH
| [} ! | | -
| OO | NOSO | ™OMm | WENNOY | M
ROy | Y] veol o« 00| " e 0| M -
oA | ONe~| oM WVN™i YEO I ™~
Sy | © 1 © I N | Wee | o
- : - : - : : :
. T b = b b b e e e e e e e ed el e B e B
n -3 | ) i ] } .
® N | 1 ! ! !
] AN | OO0OQ | O000 | OO0 | QOO | ™®
Q [ 10 ] v e 8 s o o o e o} v e o0 .
~ M N | OV0 | OO0 ) OO0 ooo|
Q @ o~ ' [} } ! !
o | | | [} ]
& oo | ! | | | .
- HTHHHHTHHHHTHHHHTHHHHH
|
o wR ] | | | }
ord AN | OO00 | OCOC | OOOO | NNOW | =M
+ (g [=] [} [ LK ] ¢ ¢ of o s o .
1L e | OO0 QOQ| ©OOO| NOM | >
'5 (=] l 1 | l [a17a} ‘
L} }
[} I ! ! 1
g a HTHHHH};{HHHHTHHHHTHHHHT
[~} 1 | | | |
[-] < ™ OO0 | OCOO00 | MO™IN | re~m | MO
Q | o0 0 e o o " e 0} "0 e {™ @
] (@] | OO0 | QOO VM| w=~e=| ™M
4+ =z 1 ] I &~ e [y
s O R A
2 HHHHHHHHH!.-!HHHHHHHHHHHHHHH ~
[ | | | I
o EEEH | |
-~ [ 2381818 N V-] [ (-] o =3
i 2R | ] Ee
[} 2 | | = =13
0 o=t )| | @] —HO
o] [Slelelal] | () Ot4
fud RO | I A &)
Q oG <D
(=] o Lm .
= Qo - . R
(2] = 1] S
- g E4E [+ RS
) 5 BNwn ] o
[~ ] (Sl nlal = PR
[ ) ~ [ 3I=1"} [ .
[~ VI ] (") ] o S
: ¥
\.\‘:'.
88 .-:'.s-\
LA %) voo %
| |

e e T T . . fe e e e T e e e e e e

.
s
. R -
Lo e T e e e T n
PP LA DRI PE. ¢

et 3 - - i} - -
e e e e e e e e e ANt . .
L S TR Sl T Sl VAT Wl Vol Tl WAl S TV L W I WL IO P IP . I . P




0°02

"91

DO

0 he
4

TYLOL
L[e]:

I--——- T ot o Tl g
I 0z I 0°0 I 0°0 I O0° I RILSKS
I L€ I 0°0 I 00 I 0°C I NOILNEINLSIC
I 0°00L I 0°0 I @¢°0 I Q"0 I TYOTEIII T
I 1 I 0 I o0 I 0 I
O ) T I-—-———m=[~=m——— e I-
I ozt I 0z I 00 I 09 I , SIILTTIIN HO
I 8°61 I 0°00L I 0°0 I #-ig I “HSINIJ §aLvdyS
I 0°09 I 0°0L I Q0°0 I Q°0f I /K SNIGTING
I 9 Il I 0 I ¢ I ¢
O T e Tt Do O —I-
I o7zt I 00 I 070 I ov I, SITLITILA
I 8°6L I 0°0 I 0°0 I €°ht I ‘HSINIJ ROAININ
I ¢0°s. I 0°¢ I 0°0 I 0°s¢ I /K 9NICTINg
I 9 I 0 I 0 I ¢ I ¢
I~ e e i S e b
I ot I 00 I oO°h I 0°9 I
I 671z I 0°0 I £°99 I #w-ig I ONITTINnG
I €°86 I 0°0 I L°91 I o0°S¢ I QYVANVLS
I L I 0 1 ¢ I € It
T Tl B . e ot cf: 9
I s I 4 I ¢ Il I z2d LOL

aqv aav aay I 14 TOD

¥00L  %66-GL  %GL-SZ  daV ON I 1Dd MO¥

I INNOD

dav

eT2Ie9 0bhatTgd e ’S3099(01d TeTITUI JO UOTIeTNQeI-SSOI)

6 I3TdYL

83

o®

P I T
.. R e e
IR I S
P AP R SR S A N WP

, Wy Wl

‘e
._-’

Ve
LU A




Table 9
Cross-tabulation of Initial Projects at Diego Garcia (cont'd.)
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